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PREFACE 


This  report  describes  work  on  laser  window  technology  performed 
during  the  period  from  May  20,  1974  to  November  20,  1974  on  Contract 
DAAH01 -74-C-0719.  Participating  in  the  research  of  this  report  were 
J.  Grenda,  O.  Guentert,  W.  Tye,  T.  Varitimos,  and  C.  Willingham.  This 
report  has  an  internal  number  of  S-l  790. 
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TECHNICAL  REPORT  SUMMARY 


A . Program  Objectives 

In  recent  voars  laser  window  technology  has  developed  rapidly  to  the 
point  where  few  frontiers  remain.  The  primary  candidate  materials  are  well- 
established.  Techniques  for  hardening  the  softer  materials  and  fabricating 
suitably  large  sizes  are  already  highly  developed  and  optical  surface  prepara- 
tion and  characterization  studies  are  underway  at  a number  of  laboratories. 

The  one  inescapable  obstacle  which  remains  to  be  overcome  before 
the  laser  window  'problem"  can  be  said  to  be  solved  lies  in  the  area  of  coatings 
and  films.  In  a high  power  laser  system  very  little  back-reflection  from  the 
window  surfaces  can  be  tolerated:  thus,  with  the  exception  of  those  few  solu- 
tions in  which  a Brewster  angle  window  is  appropriate,  the  window  surfaces 
will  have  to  be  coated  for  minimum  reflection  (i.e.  , AR  (anti-reflection)  coated). 

In  addition,  because  of  the  hygroscopic ity  of  potassium  chloride, 
protective,  "waterproof"  coatings  are  required  for  physical  survival  even  if 
a Brewster  configuration  is  possible.  Of  course,  optical  coating  technology 
is  not  new  to  the  laser  industry;  however,  the  requirements  of  the  high  power 
laser  systems  put  much  more  severe  restrictions  on  the  characteristics  of 
the  films.  In  particular,  the  optical  absorption  must  be  as  low  as  possible  and 
the  mechanical  (and  hence,  thermal)  contact  to  the  window  substrate  as  com- 
plete as  possible. 

The  primary  objective  of  this  research  program  is  to  develop  new  experi- 
mental techniques  and  extend  the  existing  approaches  for  the  characterization  of 
the  optical  and  mechanical  properties  of  the  thin  films  of  interest  for  infrared 
laser  window  applications.  Additional  consideration  will  be  given  to  further  in- 
vestigation into  the  nature  of  the  10.  6ium  absorption  band  characteristic  of  the 
available  potassium  chloride  materials,  a search  for  low  optical  absorption 
liquids  for  possible  use  as  window  coolants  and  an  evaluation  of  polishing  tech- 
niques used  for  the  preparation  of  the  barium  fluoride  (BaF2)  and  zinc  selenide 
(ZnSe)  windows  to  be  used  as  substrates  for  the  experimental  films. 
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B.  Major  Accomplishments 


A literature  search  on  adhesion  of  thin  films  to  their  substrates  has 
been  conducted  and  a literature  search  for  low  loss  liquid  coolants  in  the 
3-5  urn  and  10.  6 /urn  range  has  shown  that  relative  spectral  windows  may  exist 
at  the  deuterium  fluoride,  carbon  monoxide  and  carbon  dioxide  laser  frequencies, 
but  the  very  low  losses  required  for  high  power  window  coolants  are  not  reported. 

BaF£  and  ZnSe  substrate  material  in  the  form  of  ATR  (Attenuated  Total 
Reflection)*  plates  have  been  ordered  and  received.  The  suostrate  material 
has  been  characterized,  with  data  including  micrographs  and  internal  reflection 
spectra  of  each  ATR  plate.  Internal  reflection  spectra  have  been  taken  of  exist- 
ing BaF„  ATR  plates  coated  on  half  their  surface  with  arsenic  trisulfide(  As^S^). 
Calorimetric  measurements  were  made  of  the  existing  BaFg  ATR  plates,  com- 
paring the  coated  and  uncoated  sides  at  both  5.2  5 jum  and  10.6  (im. 

The  feasibility  of  coupling  polychromatic  light  into  a thin  film  via  prism 
coupling  for  the  purpose  of  measuring  the  absorption  coefficient  vs  wavelength  of 
the  film  was  undertaken  and  the  appropriate  apparatus  fabricated.  Extremely 
good  surfaces  are  required  to  couple  light  into  the  film.  Surface  scattering  atten- 
uates the  light  beam  and  thus  only  relatively  higher  absorbing  films  can  be  investi- 
gated with  3=1  cm  * and  larger. 

Different  methods  for  measuring  thin  film  adhesion  were  also  investigated. 
We  are  now  testing  the  direct  pull  method  and  the  pull  tab  method.  Test  jigs 
have  been  fabricated  to  test  these  approaches.  The  results  of  these  experiments 
are  reported  in  the  text. 

C.  Conclusions 


The  first  half  of  this  contract  was  spent  in  ordering  appropriate  materials 
and  fabricating  'qui*..  . ~nt,  and  investigating  different  techniques  in  the  measure- 


* Attenuated  Total  Reflection  (ATR),  discussed  later  in  this  report,  is  reflection 
which  occurs  when  an  absorbing  coupling  mechanism  acts  in  the  process  of 
total  internal  reflection  to  make  the  reflectance  less  than  unity. 
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nient  of  optical  film  parameters.  Conclusions  derived  from  these  experiments 
are  as  foil  ms.  The  literature  search  invest  gallon  of  liquid  coolants  for  high- 
power  laser  windows  in  the  infrared  identified  no  promising  liquids.  Previous 
experimentation  had  not  been  concerned  with  very  low  absorption  coefficients 
required  for  high  power  windows. 


Internal  reflection  spectroscopy,  while  a valuable  tool  in  the  mea- 
.urement  of  spectral  absorption  in  thin  films,  is  not  sensitive  enough  to 
measure  the  spectral  absorption  of  low  loss  films.  However,  it  must  still 
be  used  in  preliminary  tests  of  film  absorption  because  of  its  convenience 
in  detecting  gross  absorptions  of  film  impurities. 

The  integrated  optic  coupling  technique  has  run  into  a number  of  prob- 
lems associated  with  the  quality  of  the  materials.  Further  efforts  in  this  area 
will  have  to  be  given  serious  consideration. 


Calorimetry,  even  though  limited  to  the  laser  wavelengths,  still  appears 
to  be  *he  best  method  o'  measuring  low  loss  absorbing  films.  Work  with  thin 
substrate,  will  improve  the  sensitivity  of  the  calorimetric  technique.  While  we 
will  try  to  improve  the  other  approaches,  the  calorimetric  measurement  will  be 

our  mainstay  in  future  work. 

Adhesion  tests  on  thin  films  have  displayed  the  same  reproducibility 
problems  encountered  by  other  experimenters.  It  seems  that  improvement  on 
existing  techniques  is  probably  not  the  answer  and  that  a completely  new  approac 
will  have  to  be  devised.  Initial  assessment  of  the  scanning  electron  beam  micro- 
scope in  conjunction  with  a fine  diamond  loading  tool  shows  promise  in  determ.n- 

ing  the  film  hardness. 
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II. 


A C C OM P L ISHM ENTS  AND  TECHNICAL  DISCUSSION 


A.  Literature  Search 


A series  of  literature  searches  were  conducted  on  topics  such  as 
techniques  for  measuring  the  adhesion  of  thin  films,  optical  absorption  in 
thin  films,  and  low-loss  liquid  coolants  in  the  .'1  to  5pm  and  10.6pm  range. 

In  general,  many  methods  have  been  devised  to  measure  the  adhesion 
of  thin  films  to  substrate  material.  As  many  workers  in  the  field  have  found, 
reproducibility  in  the  measurements  is  the  problem.  Virtually  all  the  physical 
contact  methods  to  pull  the  film  off  the  substrate  affect  the  adhesion  of  the  film 
due  to  stress  and  chemical  reaction  of  the  adhering  epoxy.  Interpretation  and 
comparison  of  other  methods  can  be  very  difficult. 


The  important  quality  that  affects  the  adhesion  is  the  surface  energy, 
i.  e.  , the  bonding  energy  between  the  substrate  and  film  per  unit  area.  Ideally, 
this  energy  can  be  measured  by  peeling  off  the  film  ir  a certain  way  and  meas- 
uring the  required  pulling  force.  However,  this  method  is  also  fraught  with 
many  experimental  difficulties.  No  ideal  method  has  been  found. 

No  new  low-loss  liquid  coolant  in  the  3pm  to  5pm  and  10.  6pm  range  have 
been  identified.  While  there  are  many  liquids  which  have  apparent  regions  of 
lower  absorption  near  3.8pm,  5.3pm,  and  10.6pm,  no  measurements  are  re- 
ported which  give  absorption  coefficient  (3)  in  the  10  cm  and  lower  range. 
Most  of  these  measurements  would  yet  have  to  be  made  on  the  innumerable 
organic  liquids.  In  general,  we  do  not  recommend  that  such  additional  meas- 
urements be  madt.  All  the  organic  liquids  have  vibrational  frequencies  which 
are  comparable  to  and  many  times  higher  than  the  laser  frequencies.  We 
therefore  do  not  have  the  favorable  situation  that  exists  in  good  laser  window 
crystals  where  the  optical  vibrational  frequencies  are  much  lower  than  the  con- 
templated laser  frequencies.  The  results  of  the  literature  search  on  low-loss 
liquid  coolants  are  in  Appendix  A. 
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B.  Materials 


1 . Substrate 

Harrick  Scientific  was  selected,  on  the  basis  of  their  experience  and 
past  performance,  to  fabricate  the  BaF2  and  ZnSe  ATR  plates.  These  plates 
have  now  been  received.  The  polvcrystailine  ZnSe  was  grown  by  Raytheon  by 
chemical  vapor  deposition  (CVD).  Only  single  crystal  material  of  BaF2  is 
presently  available.  Single  crystal  samples  of  BaF2  with  both  (100)  and  (111) 
orientation  have  been  obtained. 

2.  Films 


Nine  suppliers  in  the  infrared  optical  coating  industry  w-ere  contacted 
w'th  respect  to  the  deposition  of  nine  different  possible  thin  film  naterials. 

Based  on  these  discussions,  three  well-known  suppliers  w'ith  direct  experience 
in  the  deposition  of  the  desired  materials  were  selected  for  the  first  buy  — OCLI, 
Perkin  Elmer  and  Broomer  Research  Corporation. 

The  four  materials  selected  (ThF^,  ZnSe,  ZnS  and  ASgS^)  were  chosen 
because  of  their  currently  recognized  utility  in  low-loss,  high-power  window 
coatings:  Figures  1 , 2,  3,  and  4 are  typical  optical  transmission  curves  of  the 
four  materials.  The  bulk  values  of  the  absorption  coefficient  and  index  of  re- 
fraction at  5 . 2 5p  m and  10.6pm  for  these  materials  are  shown  in  Table  I.  ThF^ 
is  universally  used  as  the  low  index  material  in  multilayer  coatings;  ZnSe  and 
ZnS  are  rapidly  becoming  the  "standard"  high  index  materials;  while  As2S3 
appears  to  be  the  leading  candidate  for  the  protection  of  the  hygroscopic  halide 
materials.  The  initial  order  included  two  coatings  of  the  ThF^,  As2S0  and 
ZnSe  on  BaF2  substrates  and  two  coatings  of  ZnS,  ThF^,  and  As2S3  on  ZnSe 
substrates  from  each  of  the  three  suppliers  - a total  of  3 6 samples  in  all.  Each 
ATR  plate  will  be  coated  on  only  half  the  surface  so  that  a surface/  substrate 
reference  spectrum  can  be  made.  A realistic  film  thickness  of  \/  2 at  5pm  has 
been  chosen. 


5 


Nyquist  and  R. 


TABLE  I 


BULK  MA1ERIAL  PARAMETERS 

\ 5. 


ft  (cm  1) 

n 

0 (cm  1 ) 

n 

* ZnSe 

.001  - .005 

2.4 

3 X 10-4  - 10-3 

2.42 

ZnS 

.15 

2.217 

< 0.  1 

2.249 

ThF4 

As2S3 

.01  - 1.0 

1.5 

2.38 

5 x 10"3 

2.4 

BaF„ 

. 15  - . 19 

1.42 

< 3 X 10"5  - 3 X 10-3 

1.449 

l 

SrF2 

. 7 

4.1  X 10-5  - 1.2  X 10'4 

1.44 

ZnSe  polycrystr'line  (CVD) 

Note:  Value  of  bulk  absorption  varies  with  methods  of  sample  fabrication. 
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C . Optical  Characterization  of  Thin  Films 


1 . Introduction 

As  is  the  case  with  the  window  materials,  the  precise  value  of  the 
optical  absorption  coefficient  is  of  critical  importance  to  the  survivability 
and  overall  performance  of  high-power  anti-reflection  or  protective  coat- 
ings. Not  only  must  these  films  be  of  high  quality  from  a mechanical  and 
thermal  viewpoint,  the  optical  absorption  must  be  as  low  as  possible.  It 
appears,  however,  that  the  absorption  of  thin  films  always  exceeds  that  of 
bulk  samples  of  the  same  material.  One  possible  explanation  is  that  amor- 
phous films  are  more  absorbing  in  the  infrared  because  of  smeared  out 
multiphonon  absorption  bands.  Another,  simpler  reason  would  be  the  presence 
of  impurities  or  scattering  centers  in  the  evaporated  film. 

Previous  investigations  of  coatings  have  generally  consisted  ot  single- 
frequency  calorimetric  loss  measurements,  which  are  of  little  diagnostic  use. 
Optical  absorption  must  be  examined  over  a broad  wavelength  range  to  provide 
information  for  film  diagnostics.  Therefore,  the  internal  reflection  spectro- 
scopy technique  we  have  used  to  study  optical  surface  absorption  is  being  used 
i.o  investigate  the  infrared  absorption  of  coatings  as  a funct'on  of  wavelengtn. 
Internal  reflection  elements  are  coated  for  half  their  width,  the  infrared  trans- 
mission of  the  coated  and  uncoated  halves  can  then  ^e  examined  by  masking  the 
appropriate  portion  of  the  plate.  This  technique  should  reveal  the  presence  of 
impurity  bands  and  other  gross  changes  in  the  infrared  absorption  spectrum. 
Such  studies  will  be  aimed  at  elucidating  the  difference  oetween  the  infrared 
properties  of  bulk  and  thin  film  material. 

Infrared  absorption  can  also  be  determined  by  using  integrated  optics 
coupling  techniques,  such  as  prism  couplers,  to  measure  transmission  as  a 
function  of  length  for  a deposited  film.  Such  ar  approach  would  relax  the 
limited  size  and  shape  requirements  associated  with  the  internal  reflection 
method,  and  permit  the  nondestructive  in  situ  evaluation  of  coated  windows 
independent  of  their  physical  configuration.  In  addition,  the  diagnostic  beam 
of  light  would  be  contained  largely  within  the  film  layer  itself  rather  than 
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penetrating  via  an  evanescent  wave  from  one  side,  thus  enhancing  the  inter- 
action. The  surface  quality  and  film  thickness  requirements  for  high-power 
laser  window  applications  are  comparable  with  those  demanded  by  integrate d 
optics  technology. 

2 . Internal  reflection  spectroscopy 


a.  Introduction 

Internal  reflection  spectroscopy,  IRS,  is  a technique  to  monitor  the 
optical  properties  of  a material  by  placing  it  in  contact  with  a material  through 
which  a light  bea  n is  propagating  while  undergoing  multiple  internal  reflections 
Figure  5 shows  one  of  many  geometries  used  as  reflection  elements  in  IRS. 
Since  the  light  penetrates  a short  distance  into  any  material  in  contact  with  the 
internal  reflection  element  and  can  be  absorbed  by  it,  the  transmission  of  the 
element  is  determined  both  bv  its  bulk  absorption  and  by  the  optical  properties 
of  any  material  in  contact  with  the  surface.  The  theory  and  the  techniques  of 
IRS  are  described  in  detail  in  the  excellent  book  by  Harrick.  Internal  reflec- 
tion spectroscopy  has  been  used  successfully  by  other  investigators  to  study 
surface  absorption. 

b.  Experimental 


Internal  reflection  spectra  were  obtained  using  the  Harrick  ATR  plate 
adaptor  attachment  in  a Perkin  Elmer  Model  457  infrared  spectrometer. 

Figure  6 shows  a schematic  diagram  of  this  attachment.  For  our  purpose,  the 
sample  holder  has  been  modified  so  that  light  passes  through  only  half  of  the 
sample.  This  was  done  in  order  to  compare  the  coated  and  uncoated  halves. 

The  ATR  plates  are  52.5  mm  long,  20  mm  wide,  and  2 mm  thick  (Fig.  7). 
One-half  the  sample  (52.  5mm  X 10  mm)  is  coated  with  the  desired  films. 

Angle  9 (Fig.  5)  was  chosen  so  that  lighi  entering  the  beveled  surface  will  be 
totally  internally  reflected.  The  ATR  plates  have  been  received  and  character- 
ized as  described  below. 

3.  Substrate  characterization 


Micrographs  of  both  ZnSe  and  BaF2  samples  were  taken  with  dark  field 
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Schematic  Diagram  of  Harrick  Scientific 
Horizontal  Single  Pass  Attachment  (HSPA) 


illumination  with  a magnification  of  382  X-  Figures  8 and  9 are  typical 
surfaces  of  ZnSe  and  Balr2  respectively  (polished  by  riarrick).  Spectra  ot 
the  ZnSe  and  BaF2  ATR  plates  were  made  via  internal  reflection  spectro- 
scopy. Figures  10  and  11  are  typical  spectral  runs. 

The  broad  absorption  band  centered  at  33  50  cm  * is  attributed  to 
water,2  and  the  sharper  structure  at  2915  and  284  5 cm  , to  C -H  stretch 
vibrations  from  solvents  used  in  preparing  tne  plates.  The  absorption  at 
1540  cm-1  band  could  correspond  to  a C = C double  bond  stretching  vibra- 
tion,4 while  the  one  at  1400  cm-1  could  correspond  to  a bond  bending 

vibration,5  sometimes  referred  to  as  a CH,  or  CH2  deformation  band. 

Reductions  of  these  absorption  bands  can  be  accomplished  with  tech- 
niques used  by  T.  F.  Deutsch  and  R.  I.  Rudko.3  Some  of  the  methods  include 
chemical  cleaning,  vacuum  baking,  and  plasma  cleaning. 

Because  of  lengthy  delays  in  the  receipt  of  our  samples,  the  tests 
described  here  have  not  yet  been  performed  on  coated  samples. 

4.  IRS  spectra  of  BaFg  ATR  plates  coated  with  As^ 

Because  of  the  delay  in  receipt  of  the  BaF2  and  ZnSe  ATR  plates,  we 
decided  to  have  three  existing  BaF?  ATR  plates  coated  with  films  of  As^. 
Films  of  1 / 4 X , 1 / 2 X , and  1 X at  5pm  thick  were  deposited  by  Broomer 
Research  Lab.  Initial  work  has  begun  using  these  samples.  Transmission 
spectra  show  no  absorption  other  than  the  expected  intrinsic  absorption  of  the 

BaFY 

Internal  reflection  spectroscopy  of  these  coatings  did  show  a difference 
between  the  coated  and  uncoated  surfaces  (Fig.  12).  Both  the  uncoated  and 
coated  half  of  the  BaF2  ATR  plates  show  the  absorption  bands  mentioned  in 
Sec.  3,  but  the  coated  half  of  the  sample  shows  a reduction  in  the  intensities 
of  these  absorption  bands.  This  is  probably  due  to  a cleansing  action  which 
occurs  during  the  deposition  of  the  film. 
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ZnSe  #1 

Fig.  8 Typical  Surface  Finishes  of  Zinc  Selenide  ATR  Plate. 
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BaF2  #7 


Fig.  9 


Typical  Surface  Finishes  of  Barium  Fluoride  ATR  Plate. 
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The  other  differences  in  the  absorption  spectra  occur  near  1070  cm  . 
We  believe  this  is  a direct  result  of  the  absorption  in  As^  film,  since  all  the 
data  taken  on  the  three  plates  exhibit  this  absorption.  There  was  no  other 
noticeable  change  in  the  spectra  between  3 pm  and  5 pm. 

Figure  13  shows  the  bulk  transmission  spectra  of  As2S3  and  BaF2 
samples  both  4 mm  thick.  From  these  two  transmission  curves  we  can 
construct  the  combined  transmission  curve  (Fig.  14)  for  substrate  and  film. 

In  this  construction  we  shall  neglect  the  effect  of  Fresnel  reflections.  The 
transmission  spectra  of  the  BaF2  substrate  of  4 mm  thickness  is  already 
given  in  Fig.  13.  and  it  will  be  denoted  as  T^  The  transmission  spectra 
of  the  bulk  As2S3  sample  has  to  be  corrected  for  the  film  thickness.  If  we 
denote  the  bulk  thickness  as  Lg  and  the  film  thickness  as  Lp , and  if  we 
furthermore  denote  the  transmission  of  the  As^S^  bulk  piece  as  T2>  then 
the  combined  transmission  is 


T = T * T . UJ 

combined  1 2 

As  expected,  this  calculation  shows  that  film  absorption  has  little  influence  on 
the  transmission  curve  of  the  substrate  material.  This  type  of  testing 
appears  to  show  only  gross  absorption  changes  and  these  would  have  to  be  due 
to  contaminants.  In  the  ATR  approach  the  light  beam  travels  many  times 
through  the  substrate  and  into  the  film.  The  sensitivity  of  the  ATR  approach 
could  be  enhanced  by  modifying  the  ATR  plate  adaptor  by  routing  the  reference 
beam  through  the  uncoated  half  of  the  sample  simultaneously  as  the  signal  is 
passed  through  the  coated  half.  This  would  cancel  out  the  effect  of  the  substrate 
material,  making  the  film  absorption  more  predominant.  This  method  will  be 
investigated . 


5.  Integrated  optic  coupling  technique 
a.  Introduction 

Integrated  optic  coupling  techniques  have  been  used  to  measure  losses  in 
thin  films^’^  at  single  frequencies.  Our  approach  was  to  use  prism  coupling 
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of  polychromatic  light  into  thin  films  to  measure  transmission  as  a function  of 
wavelength.  This  approach,  if  possible,  would  make  absorption  spectra  of 
standard  coated  windows  and  mirrors  feasible.  Furthermore,  specially 
fabricated  substrates  would  not  he  required. 

b.  Experimental 

The  method  described  above  has  been  implemented  using  a HeNe  laser 
(Pig.  15);  we  have  run  into  a number  of  problems  in  our  initial  tests-  The  BaF'2 
substrates  coated  with  As0S^  are  of  poor  quality.  Our  attempt  to  propagate 
light  in  these  films  has  been  unsuccessful  due  to  the  immense  scattering  whic  h 
occurs  due  to  the  poor  surface  quality  of  the  substrate  material.  Highly  polished 
substrate  material  will  have  to  oe  obtained  if  coupling  is  to  be  attained. 

We  have  looked  for  a new  infrared,  broadband  point  source  to  be  used 
with  this  scheme.  Past  experimenters  working  in  the  infrared  have  used  tradi- 
tional sources  such  as  a globar  or  a Ner  st  glower,  etc.  Since  one  of  the  re- 
quirements for  our  source  is  that  it  be  a point  source,  these  traditional  methods 
were  unusable.  Because  we  are  trying  to  couple  incoherent  light  into  a thin  film 
for  the  purpose  of  measuring  the  film' s spectral  absorption,  a point  source  is 
necessary  to  focus  this  light  to  a compatible  spot  size  for  coupling  (integrated 
optic  prism  coupling).  We  are  experimenting  with  a miniature,  indirectly  heated 
alumina  source.  A CW  YA103  laser  is  focused  on  the  end  of  an  alumina  rod 
(Fig.  16).  The  alumina  has  been  brought  up  to  a temperature  of  2200°C.  Spectral 
analysis  of  this  source  shows  the  radiation  from  this  source  exhibits  the  charac- 
teristics of  a black  body  emitter  (Fig.  17).  The  size  of  the  source  is  controlled 
by  the  diameter  of  the  alumina  rod  and  the  focusing  optics.  Tests  to  see  if  this 
source  can  be  coupled  into  a film  have  not  been  made  due  to  the  difficulties  en- 
countered with  standard  integrated  optic  coupling  methods  using  a laser  source. 
Serious  consideration  will  have  to  be  given  to  this  approach  if  it  is  to  be  pursued. 

6.  Calorimetry 

a.  Introduction 

Since  no  obvious  absorption  in  the  3pm  to  5pm  range  could  hi  detected 
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Fig.  15  Basic  Integrated  Optics  Spectral  Absorption  Technique. 


Fig.  16  Infrared  Point  Source. 
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Output  Spectrum  of  Alumina  Point  Source 


using  internal  reflection  spectroscopy,  calorimetric  techniques  were  used 
to  measure  the  absorption  of  the  As2S^  films  on  the  ATR  plates.  These 

techniques  can  determine  the  infrared  absorption  of  a low-loss  material  by 
measuring  the  temperature  rise  of  a sample  after  a given  amount  of  laser 
energy  has  passed  through  it.  This  method  was  used  to  measure  the  absorp- 
tion coefficient  of  the  substrate  and  the  substrate/  film  combination. 

b.  Theory 

Most  measurements  of  film  absorption  are  made  by  measuring  the  sub- 
strate material  and  then  the  film/  substrate  combination;  the  difference  is  given 
as  a percentage  increase  in  the  absorption.  However,  this  interpretation  is 
oversimplified  since  the  film  changes  the  surface  reflection  and  thus  the  power 
incident  on  the  substrate.  What  is  really  needed  is  the  absolute  value  of  the 
absorption  coefficient  of  the  film.  To  obtain  this,  the  8 (absorption  coefficient) 
of  the  substrate  must  first  be  known. 


The  power  absorbed  by  a substrate  of  thickness  r , and  absorption 
■oefficient  3 when  3 ( is  small  is 

P = p (i  - e~  ^ r ) 

absorbed  inside  v ; 

For  3 f « 1,  this  equation  becomes 


P 


absorbed 


3 r 


P 


inside 


(3) 


Figure  18  shows  the  calculation  of  P^ns^e  (the  power  inside  the  sample).  If  the 
transmitted  power  and  the  index  of  refraction  of  the  sample  are  known,  we  can 
determine  the  two  components  of  power,  i.  e.  , a wave  traveling  toward  the  exit 
surface  and  a reflected  wave,  whose  sum  is  the  total  power  in  the  sample. 
Substituting  the  result  from  Fig.  18  into  Eq  (3)  gives 
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n“+ 1 


p = 8 f P ( 1 - 8 c p 

absorbed  tran  1 -R  ’ *tran  2n 


(4) 


or 


3 * ~r 


1 absorbed 


P P 


transmitted 


2n 


1+n 
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(5) 
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Again,  this  equation  for  the  absorption  coefficient,  (3.  assumes  3 * <r< 

To  determine  the  usefulness  of  this  assumption,  the  exact  equation  for  the 
absorption  coefficient  was  calculated 


, <2r»«Pabs/Ptran>+1> 

- m * l 1 \ 

(n+  1 j 


1+  [ 


2 i 

n - 1 


2n  ( 


abs 

5 

tran 


i2> 


(6) 


+ 1) 


This  equation  is  plotted  in  Fig.  19  together  with  the  approximate  Eq.  (5),  for  an 
index  of  refraction  of  1.  40  the  two  equations  deviate  about  five  percent  for  0 f = 0.1 
Thus  for  3 f <0.1,  the  approximate  equation  can  be  used  and  for  3 f greater  than 
0.  1 the  exact  equation  should  be  used.  Both  of  these  equations  -re  independent 
of  the  coherence  of  the  infrared  beam  and  the  possibility  of  interference  fringes 
because  the  absorption  coefficient  is  determined  from  the  transmitted  power  and 
the  reflectivity  of  the  rear  surface  of  the  sample.  The  incident  power  can  only 
be  used  to  calculate  the  power  inside  the  sample  if  the  IR  beam  is  incoherent. 

If  it  is  coherent,  resonance  effects  can  change  the  ratio  of  P^ng *°  ^"incident 
making  it  difficult  to  do  the  calculation.  Therefore,  our  experimental  apparatus 
is  set  up  to  measure  transmitted  power. 

Once  the  3 for  the  substrate  is  known,  one  can  calculate  the  (3p)  absorp- 
s 

tion  coefficient  of  the  film. 

In  the  following,  we  want  to  derive  the  formulas  necessary  to  evaluate 
the  absorption  of  the  surface  film  from  calorimetric  measurements.  As  shown 
in  conjunction  with  Fig.  18,  the  absorbed  laser  power  in  a simple  uncoated  slab 
of  material  is  given  in  terms  of  the  absorption  coefficient  3g  of  the  substrate, 
the  thickness  of  the  substrate  Lg,  the  reflection  coefficient  of  the  surface  Rg  by 

1+R, 

o - ft  T p \ *r 

abs  " Ps  s rTTg  trans 

We  can  conveniently  generalize  this  equation  to  cover  fhe  absorption  both 
in  the  substrate  and  in  the  film  if  we  orient  the  sample  such  that  the  film  is  at  the 
exit  side  of  the  laser  beam.  The  total  film  acts  like  a Fabry-Perot  reflector  of 
as  yet  unknown  reflectivity  Rp.  Thus,  Eq.  (8)  gives  the  absorption  in  the  sub- 
strate if  we  replace  Rg  by  the  film  reflectivity  Rf 
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i+Rr 

P (substrate)  = |3sLs  P,rans 

F 


(8) 


We  can  also  use  Eq.  (7)  to  calculate  the  power  absorbed  in  th?  film  by  interpret- 
ing R as  the  reflectivity  at  the  air -film  interface  Rp^.  We  must  also  change 

to 
s 


3o  to  the  absorption  coefficient  of  the  film  3p  and  the  length  Lg  to  the  film  thick- 


ness A Lp.  Thus , 


1 + R 


abs 


(Film)  = 3F  A LF  rj- 


FA 


Rp^  trans 


(9) 


(9) 


The  total  absorption  in  substrate  and  film  follows  b}  adding  Fiqs.  (8)  and 


P . 1 + Rr.  1+Rtta 

abs  a T F w FA 

PT = 3sLs  T^rZ  + ^F  a lf  r-R;:? 

trans  F FA 


(10) 


By  noting  that 


R 


FA 


/ nF-l\  2 

V* 


(ID 


where  n„  is  index  of  refraction  of  the  film,  wr  obtain 
F 


P , 1+R^  n 2 + 1 

pabs  = 3 L t-J-  + 3t~AL  -E 

Ptrans  s s 1_RF  F S 2nF 


(12) 


We  now  define  an  effective  3g  including  substrate  and  film  by  the  equation 


P , - n2  + 1 

'-A>s  _ a T F 

P s1  s Sn^ 

trans  F 

Equating  Eqs.  (12)  and  (13)  gives 


(13) 


3, 


L 

1 2n_ 

1 + R ~ 

s 

3 -3 

F 

F 

F 

s s 

l"F  ‘''I 

1 -Rr 
F 

(14) 
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Equation  (14)  is  the  basis  for  determining  from  measurements.  In 
essence  »s  is  determined  by  measuring  the  absorbed  power  in  the  uncoated 

substrate  and  using  Eq.  (7)  with 

2 


R 


I n -1  \ 
- 1 _ 

1 rTTT 
s 


(15) 


Furthermore,  3 is  determined  from  Eq.  (13)  with  measurements  carried  out  on 
the  coated  sample.  The  quantity  Rf.  is  being  measured  by  monitoring  the  trans- 
mission of  light  through  the  sample.  The  necessary  equations  for  tl  is  measure- 
ment are  derived  in  the  following.  In  Fig.  20  we  show  light  of  intensity  PQ  falling 
on  the  uncoated  side  of  the  substrate.  The  light  transmitted  into  the  substrate  is 
(1-R  ) P . Upon  the  first  reflection  from  the  film,  the  amoun*  of  light  trans- 
mitted is°giv<m  by  (1-R  ) (1-R  ) P0-  We  can  add  up  all  transmitted  light  waves 
after  bouncing  back  and  forth  in  the  substrate  neglecting  the  phase  factors  (hei  au 
of  the  large  thickness)  to  give 


trans 

"T 


(1-R  )(1-Rf)  U+RfRs  + RF2  Rs2  + ' ' ‘ ) 


(1-R  )(1-Rf) 


(16) 


By  defining  a transmissivity  T through 


trans 


= T 


(17) 


we  obtain  from  Eqs.  (15)  and  (16) 


i-rs-t 

RF  = 1-R. - I K 


(18) 


Experimentally  we  measure  T and  using  Rg  from  Eq.  (15)  we  obtain  RF< 
Thus,  all  factors  are  in  hand  to  determine  in  Eq.  (14). 
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c.  Experimental  apparatus 


Figure  21  shows  a schematic  view  of  the  entire  system,  while  Fig.  22 
shows  a diagram  of  the  calorimeter  chamber.  The  calorimeter  chamber  is 
rectangular  with  a one-inch  thick  plexiglas  cover.  The  outside  dimensions  of 
the  chamber,  which  is  made  of  1/2  in.  thick  aluminum,  are  approximately 
13  X 14  X 25  in.  An  optical  rail  is  mounted  within  the  chamber  and  the  various 
components,  such  as  irises,  sample  mounts,  and  the  power  cone  are  mounted 
on  optical  carriers  with  adjustable  x - y motion:,  permitting  ready  removal  of 
alignment  of  any  component.  The  chamber  ' acuum  is  evacuated  by  three  50  c fm 
pumps. 


As  shown  in  Fig.  21,  a He-Ne  alignment  laser  has  been  permanently 
incorporated  into  the  system;  a flip  mirror  allows  the  beam  to  be  directed  along 
the  same  axis  as  the  measurement  lasers.  Preliminary  sample  alignment  is 
performed  using  the  visible  laser,  and  the  final  alignment  is  checked  using  burn 
spots  made  by  the  infrared  lasers. 

A sealed  CO„  lase^  , designed  for  single-mode  operation  and  producing 
about  20 W,  was  installed.  The  sealed  CO  laser  uses  a dry -ice  and  methanol 
cooling  system  and  is  capable  of  nroducing  20W  of  multimode  power. 

Either  the  CO  or  the  C02  laser  beam  can  be  directed  into  the  chamber 
by  using  a flip  mirror;  this  allows  the  same  sample  to  be  measured  at  both  wave- 
lengths without  removing  it  from  the  chamber.  As  the  CO  laser  can  operate  on 
a number  of  transitions  "he  5pm  region,  a 0.  5 m grating  monochromator  was 
incorporated  into  the  measurement  system  to  allow  frequenf  wavelength  checks. 

A Au:Ge  detector  cooled  with  liquid  nitrogen,  a tuning  fork  chopper,  and  a lock- 
in  amplifier  comprise  the  detection  system. 

As  we  did  not  know  how  much  the  spectral  output  of  the  CO  laser  would 
vary  with  time,  a number  of  measurements  of  the  output  spectrum  were  taken. 
Figure  23  shows  the  spectra  obtained  when  the  output  was  examined  on  several 
successive  days  The  center  of  gravity  of  the  output  spectrum  is  relatively  con- 
stant and  is  estimated  to  be  5.  2 5pm.  This  number  is  used  below  as  the  nominal 
wavelength  of  the  CO  laser. 


P3N-73-682 


mirror 


To  vacuum  pumps 


Chamber 


PBN-73-686 


X ~fxm 


CO  loser  ot  2.5  W 


Spectral  Output  of  the  CO  Laser  on  Three  Successive  Days 


An  18-inch  focal-length  KC1  lens  is  used  to  focus  the  beam  into  the 
sample.  Reflections  from  the  faces  of  the  sample  are  directed  onto  a 
polished  iris  which  is  angled  at  4 5°  to  the  main  beam  and  reflected  onto 
the  blackened  chamber  walls.  The  sample  itself  is  mounted  by  tnree  or 
four  nylon  screws  within  a 3 -inch-diameter  piece  of  aluminum  tubing,  the 
ends  of  which  are  closed  off  by  irises.  This  prevents  stray  radiation  which 
is  not  on  the  beam  axis  from  reaching  the  sample  thermocouple;  the  latter  is 
further  covered  by  a small  piece  of  aluminum  foil  to  reduce  any  direct  absorp- 
tion of  stray  radiation. 

The  power  cone  was  designed  to  avoid  possible  reflections  from  the 
tip  and  to  reduce  the  power  density  on  the  cone.  F igure  24  shows  the  design, 
which  reduces  the  power  density  by  using  a sharply  cut  (15")  wedge  pressed 
into  a separate  outer  piece;  any  reflections  that  do  occur  will  not  return  along 
the  incident  beam.  The  thermocouple  is  clamped  inside  the  aluminum  block 
as  shown,  assuring  good  thermal  contact  and  minimizing  the  turn  on/  tu<-n  off 
transients  which  can  make  the  power  cone  temperature  versus  time  curves 
hard  to  interpret.  The  cone  was  checked  against  the  readings  given  by  a 
CRL  power  meter  at  the  same  location  within  the  chamber  and  the  two  tech- 
niques were  found  to  agree  to  better  than  5 percent. 

A Keithley  Model  148  nanovoltmeter  is  used  to  measure  the  output  of  the 
copper-constantan  sample  thermoucouples.  The  noise  and  drift  of  this  instrument 
was  less  than  10"8  volts  during  the  run,  well  below  the  10~7  volt  sample  signals 
encountered  with  very  low  loss  samples. 

d.  Results 


BaF2  ATR  plate  No.  4 coated  on  one  side  with  1/  4\  at  5pm  of  As2S3  was 
measured  at  5.25pm.  The  calorimetric  measurements  of  the  uncoated  side  of 
the  BaFn  ATR  plate  are  necessary  because  the  abosrption  coefficient  P of  the 
substrate  is  needed  in  order  to  calculate  the  absorption  coefficient  of  the  film 
(3  ).  Figure  25  shows  the  sample  temperature  rise  in  microvolts  at  5.25pm. 

The  data  taken  from  the  curves  have  been  corrected  for  both  the  initial  transient 
response  of  the  sample  and  possible  error  due  to  drifting.  From  these  curves 
we  can  determine  the  temperature  rise  AT  and  hence  absorption  coefficient  using 
the  calculations  in  Sec.  4. 


40 


PBN  -73-681 


Hole  for  thermocouple 
1/8"  dia  x l"  deep 


r 4-40  tap 


45° 


Shaded  piece  is  5/8'  nominal  dia  , cut  at 
15°,  sand  blasted  , and  pressed  into  outer 
piece  - outer  surface  polished 


Fig.  24  Diagram  of  Aluminum  Power  Cone. 


Sample  BoF2  # 4 coated 

Wavelength  5.25 

Run  time  130.10  sec 


mole  and  Power  Cone  l l Microvolts 


cn  i ca 


The  experimental  absorption  coefficient  for  BaF2  No.  4 uncoated  was 
7.35  X 10'4cm'1.  The  same  experiment  was  made  on  the  coated  side  of  the 
ample.  The  results  of  this  experiment  produced  combined  absorption  coefficient 
of  1.47  X lO^cm"1.  With  the  results  of  these  two  experiments  and  trans- 
mission data  made  on  the  film/  substrate,  one  can  calculate  an  absorption  coef- 
ficient  (3-J  of  the  film  (using  Eq.  (14))  of  1.  617cm  . 
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L = substrate  thickness 

s 

A = film  thickness 

L 

= index  of  the  film 

The  results  of  calorimetric  measurements  at  both  10.  6|im  and  5.  25pm 
are  summarized  in  Table  II.  Obviously  at  10.  6pm  we  cannot  measure  the  absorp- 
tion with  any  reliability  with  the  present  specimens.  The  problem  is  this:  The 
bulk  substrate  absorbs  approximately  one  thousand  times  as  much  laser  energy 
as  the  film.  We  therefore  have  to  determine  the  absorbed  power  with  an  accuracy 
of  0.  01  percent  in  order  to  get  meaningful  answers.  This  accuracy  is  not  achieved 
in  our  present  calorimetric  setup.  If  we  want  to  get  an  ansv  - - we  would  nave  to 
thin  down  the  BaF  substrate  by  at  least  a factor  of  ten.  In  any  case,  the  strongly 
absorbing  substrate  of  BaF2  is  not  suitable  for  high  power  windows  at  10.  6pm. 

Measurements  on  a ZnSe  substrate  show  a very  low  loss  at  10.  6pm 
(>  io”^cm”^)  and  no  such  difficulties  are  expected. 

D.  Mechanical  and  Physiochemical  Properties  of  Thin  Filins 


1 . Introduction 

At  present,  the  mechanical  properties  of  optical  coatings  are  evaluated 
by  relatively  crude  methods  such  as  scotch  tape  and  eraser  rub  tests  for  film 
adherence.  While  these  tests  are  economical  and  simple,  they  are  not  well 
defined  techniques  capable  of  ready  comparison  between  laboratories.  We  are 
investigating  the  ways  of  characterizing  mechanical  and  physical  properties  of 
optical  films  with  the  goal  of  finding  some  more  quantitative  characterization 
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TABLE  II 


RESULTS  OF  CALORIMETRIC  EXPERIMENTS  FOR  FILM  OI- 
As2S3(ARSENIC  TRISULFIDE 


10.  6pm  (C02  Laser) 

Sample 
BaF2  No.  4 

Film 

Thickness 

3 f cm 
s 

3 (cm  4) 
s 

3F(cm"1) 

. 62p 

.151 

. 170 

Neg.  Number 

Bab  2 No.  5 

1.  18/4 

. 128 

. 159 

Neg.  Number 

5.  2 5um  (CO  Laser) 

BaF2  No.  4 

. 62  p 

7.35  x 10"4 

1.47  X 10"3 

1.619 

BaF„  No.  5 

1.  l8p 

7.  55  X 10"4 

2.065  X 10“3 

2.  59 
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tests.  Some  of  the  properties  of  interest  are  film  adhesion,  hardness,  re- 
sistance to  attack  by  cleaning  liquids  and  freedom  from  pinholes  and  inclusions. 
Some  possible  characterization  techniques  include  the  use  of  a diamond  scribe, 
with  known  loading,  to  test  scratch  resistance  in  conjunction  with  a scanning 
electron  beam  microscope  and  the  use  of  an  epoxy  adhesive  bond  with  a known 
load  to  measure  film  adhesion. 

2.  Film  adhesion 

The  adhesion  of  coatings  on  substrate  materials  is  an  important  physical 

parameter.  A part  of  this  program  is  to  find  a technique  or  improve  on  a known 

technique  for  measuring  the  adhesions  of  thin  films  to  their  substrates.  After 

surveving  the  literature,  we  decided  to  test  two  methods  — the  direct  pull  method 

9 

and  the  pull  tab  method. 

a.  Direct  pull  method 

The  first  is  a direct  pull  method,  by  which  a glass  rod  is  expoxied  to  a 
thin  film  and  a measurable  force  is  appFed  to  the  rod  until  the  film  pulls  from 
the  substrate  (Fig.  26).  After  experimenting  with  the  adhesive  strength  of  differ- 
ent epoxies,  we  decided  to  use  Able  Bond  660-6,  a liquid  which  is  heat-cured  at 
120°C . 


The  direct  pull  method  has  been  tested  on  SiC>2  films  deposited  on  BK-7 
glass,  Ti/  Au  films  deposited  on  BK-7  glass  and  As?S3  film  deposited  on  BaFg. 
Both  i 'lms  of  Si02  and  Ti/Au  on  BK-7  glass  had  adhesion  strengths  greater  than 
7000  lb/  in2  exceeding  the  tensile  strength  of  the  epoxy  (Able  Bond  660-3).  In 
one  experiment  a piece  of  the  fused  quartz  pull-rod  was  removed.  We  were  able 
to  pull  the  As2S3  film  (lx  at  5 *im)  from  the  BaF2  substrate  with  a force  of 

397  lb/  in2. 


The  problem  we  face  with  this  type  of  testing  is  basically  the  same  which 
other  experimenters  have  run  into,  reproducibility.  ’ We  are  presently  trying 
to  refine  this  technique. 
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Measureable 

force 


Fig.  26  Film  Adhesion  Experiment,  Direct  Pull  Method. 
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b.  Pull  tab  method 


Another  method  under  investigation  is  the  pull  tab  approach  (1  ig.  27) 
by  which  a 1/  2 in.  X 1/  4 in.  Cr/  Au  tab  is  deposited  on  a dielectric  film.  The 
deposition  is  done  so  that  only  a quarter-inch  square  actually  adheres  to  the 
film  leaving  the  other  quarter -inch  square  accessible  for  pulling.  As  yet  this 
approach  has  not  been  successful.  A new  method  will  have  to  be  devised  so 
that  the  tabs  are  made  more  durable  for  pulling.  If  successful,  this  approach 
would  be  limited  to  poorly  adhering  films.  However,  the  pull  tab  method  most 
readily  gives  the  single  quantity  that  defines  adhesion,  i.e.  , the  surface  or 

interface  energy. 

An  excellent  article  on  the  physical  mechanisms  underlying  the  various 
pull-off,  pull  and  scratch  adhesion  tests  has  been  published  by  K.  Kendall. 

3.  Microhardness  test 


We  started  to  evaluate  the  scanning  electron  beam  microscope  to  assess 
microhardness  of  films  after  indenting  them  with  a fine  diamond  tool  under  a 
known  load.  We  can  indeed  see  clearly  indentation  of  the  As^  film  when  only 
a force  of  1 gm  is  applied  to  our  diamond  indenter  (Fig.  28a).  Under  stronger 
loading  (25  gm)  the  film  starts  to  tear  (Fig.  28b)  and  the  substrate  eventually 
becomes  indented  (Fig.  28c).  Although  these  are  only  initial  measurements,  the 
technique  is  promising  thus  far,  and  further  experiments  will  be  undertaken 
to  quantify  the  results  and  compare  them  with  "standard  eraser  rub  or  standard 

cheesecloth  tests. 
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Measureable 

force 


Pull  tab 
Film 

Substrate 
(held  fixed) 


Film  Adhesion  Experiment,  Pull  Tab  Method. 


PBN-74-807 


1 gm  load 


26  gm  load 


51  gm  load 


Fig.  28  Microhardness  Test  of  As„S^  Film  (2.  7 *im  thick)  on  BaFg 
Substrate  using  the  Scanniftg'V.lectron  Microscope.  700 X. 
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III. 


FUTURE  WORK 


During  December  we  expect  to  receive  the  BaF2  and  ZnSe  ATR  plates 
coated  with  ZnSe,  ZnS,  As^  and  ThF^.  Absorption  measurements  using 
optical  and  calorimetric  techniques  will  begin  as  soon  as  the  sr  mples  are  in 
hand. 


We  have  recommended  to  MICOM  that  we  also  investigate  ATR  plates 
made  of  SrF2-  This  material  is  currently  being  cast  in  our  laboratory  and  it 
appears  to  be  one  of  the  strongest  contenders  for  high-power  laser  windows 
at  3. 8 /urn.  If  MICOM  concurs  with  this  recommendation,  we  will  coat  SrF2 
with  materials  showing  the  greatest  promise  for  windows  in  this  frequency 
range. 


Our  initial  measurements  on  ATR  plates  show  that  it  will  be  difficult 
to  determine  optical  absorption  from  optical  measurements  alone.  Calorimetric 
measurements  appear  to  be  much  more  promising.  In  order  to  obtain  a reason- 
ably accurate  absorption  coefficient  for  the  film,  very  thin,  low-absorption  sub- 
strates will  be  used  so  that  the  absorption  of  the  film  becomes  comparable  to 
that  of  the  substrate.  The  calorimetric  measurements  will  be  carried  out  using 
Raytheon's  CO  laser,  and,  where  applicable,  its  C’02  laser.  If  promising,  the 
absorption  will  also  be  determined  with  a DF  laser  at  Government-furnished 
facilities,  if  available. 

For  the  mechanical  evaluation  of  films  we  will  cor.+mue  to  investigate  pull 
and  peel  tests  on  surface  coatings  to  determine  adhesion.  To  evaluate  micro- 
hardness, we  will  use  the  scanning  electron  beam  microscope  to  study  indenta- 
tions made  by  a diamond  tool  into  the  surface  coating  alone.  Initial  experiments 
show  promise  for  this  technique. 

Optimum  polishing  techniques  will  be  evaluated  for  BaF2»  We  have 
recommended  that  no  further  work  be  done  on  ZnSe  surfaces  since  both  Raytheon 
and  other  laboratories  have  learned  to  prepare  ZnSe  surfaces  such  that  laser 
damage  is  net  due  to  the  surface.  Because  of  the  emerging  importance  of  SrF2> 
we  -ecommend  the  development  of  optimum  polishing  and  surface  preparation 
techniques  for  this  material. 
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We  plan  to  supply  six  2 in.  by  1/  2 in.  SrF2  (or  CaF^)  windows  for 
testing  at  MICOM.  These  windows  will  be  optimally  prepared  to  determine 
their  actual  usefulness  as  high-power  laser  windows  at  3.8  /urn. 

We  have  also  recommended  that  nor  further  work  be  done  on  the  absorp- 
tion band  of  KC1  near  10  /um.  More  recent  work  at  the  Naval  Electronics 
Laboratory  and  the  Naval  Research  Laboratory  has  shown  that  this  absorption 
band  can  be  controlled  so  that  it  no  longer  seriously  interieres  with  the  use  of 
KC’l  for  laser  windows  at  10.6/um. 

Finally,  we  recommended  that  no  further  work  be  done  on  low-loss  cool- 
ing liquids.  No  low-loss  liquids  were  identified  in  the  literature  search.  Further 
more,  there  are  theoretical  reasons  for  believing  that  organic  liquids  cannot  be 
made  with  low  enough  absorption  coefficient  to  be  useful  for  cooling  windows. 
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APPENDIX  A 


BIBLIOGRAPHY:  INFRARED  SPECTRA  OF  LIQUIDS  POSSIBLY 

SUITABLE  FOR  USE  AS  COOLANTS  FOR  HIGH 
POWER  LASER  WINDOWS 


1 647.  Ivfra  red  MwpHon  Sfirctra  of  Alcnlmh.  J.  Leenmte 
(Con.,-:.-.  Kendnx.  1K0.  K25  827,  March  10.  192.7.)-1  or  mensu, counts 

tl  „ r(..,lon  2 • 7 .7  it  to  K a fluorite  itimii  lias  hem  used  (or  wind,  the 

....  o(  o.o>,,  a..  .>«  ^ ^ 

show  strong  absorpt.on  at  3/t  to  11  .7,1  and  ti  8.7,1  to  K/i  1 here  m 
absorption  between  :i-.7,x  and  ti- x.7,t  ex. ept  ...  a few  cases  ...  "Inch  tlnu 
is  strong  absorption  between  5-K0,*  and  The  re  nits  are  sum 

inariscel  in  a table. 

733.  Change  >»  /*«  W"-"** 

Tin.  be  nr/, nr  .1.  It.  Collins.  (11, ys.  Itc-v.  20  pp.  7.1  7 , £*.  Dee  , 1»-.. 

,!v  U.e  use  o(  two  constant  deviation  spectro.nete.s  m sees  and  a 

ti™,,  i.......  ...» p,k- 

measured  (or  v.ninus  te.npe.atu.es  (,o.n  (I  to  C.  >« 
showed  maximum  absolution  at  the  following  wan-  1.  ngths 

1-21 
1 17 


At  0°  C.  : 
At  0.7°  C : 


0-777  — 

0-74  0 8(7 


0 1*8.7 
0 ■ 1.7 


1 4.7 
1-43 


i • or.  ,e 

l f't  n 

There-  is  a shdt  te.wa.el  shorter  cave  lengths  as  the  te.nperatu.e  increases 

mdi  ass 

amounts  change  *ilh  a change  o(  tcinpcratu.e. 

1871  Absorption  Spectra  of  Certain  Organic  Liquids  In  the 

JKS  J.  w-  sappennad.  myi  »*■  «•  n 

w,th  an  ^»»cy ^^,1"  s!X aldehyde"  and  five  miscellaneous 

to  be  slight,  which  agrees  with  the  conclusions  o ting  [ nl 

U4  (191  if).  An  attempt  has  been  made  to  get  a relation  bet  c 

bv  IClIis,  and  the  relation  - e0(>.)  suggcs.c  y * 

L ,1  I,  n.odoratc  n»  W*r  ", S 

mid  v.  - »w“  >0  «•  >'»  'UU 

moderate  success. 

283 S.  Infra-Ked  Absorption  of  Water  from  2-5 ,x  to  6 5,/.  E.  K. 
l-lvlcr  and  C.  J.  Craven.  J.  Chon.  I'hys.  2.  />/>■  303  30j.  . 

v study  has  bee.,  made  of  the  infra-red  absorption  hands  of  water  from 
to  f. • .7,x  and  new  bands  have  l>ecn  found  at  3-30, t.  5 •..«,/  and  a-83,c 
• hand  at  4 7, / showed  an  irregular  envelope  and  may  conta.n  several 
mnonents  TI  e 3u  lx. ml  showed  a shift  with  thickness  and  .s  probably 
^T  p of  four  components.  The  change  in  position  of  the  max, mum 
Tthc  region  w ill,  t hickness  is  explained  as  due  to  difference  m sharpness 

S li*c.i.»p.w.d'  .vital,  »««..  .1.0  toll.  -11.0  toul  d. 

n«t  show  the  eorrcspondnig  shift  with  thickness. 
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4204.  Infra-Reil  Absorption  Spectrum  of  Water  Containing 
Deuterium.  J.  W.  Oils  ami  11.  \V.  Sorge.  J.  Chan.  I'hys.  2.  /•/>.  r»f.O 
SGI.  Sept..  1031.-  Absorption  pen  vill  ages  fm  tin*  legion  l-10/i  :uo  pre- 
sented for  one  sample  of  water,  CO  of  who.r  h/diugeii  isdeiitcrinm.  and 
for  a second  sample  containing  0',l-5%  denteinim  oxide.  Maxima  aie 
picked  out  as  the  tlnee  fundament  d frequencies  for  the  molecules  DOI) 
and  HOD.  These  arc  compared  with  values  predicted  by  an  isotopi' 
sliift  calculation  based  on  data  chosen  from  the  spectrum  of  ordinal y 
water.  All  other  higher  ficqueuey  maxima  are  interpictcd  as  ovet  tones  or 
combination  bands,  but  only  after  a fourth  fundamental  frequency  is 
chosen  in  the  examples  of  1IOII  and  DOD.  Authors. 

5041.  Infra-Red  Absorption  Spectrum  of  Heavy  Water.  T. 
Slildel.  i'hys.  Moth.  Soc..  Japan,  l'n<c.  10.  />/>  302  301.  Oct..  1031  In 
linglish.  The  sorption  of  heavy  water  lias  been  studied  m a Kill  and 
Xoueii  anto-reioiilim;  glass  xp.  Urometer.  Cell,  with  glass  windows  were 
Iiscil  to  hold  the  w.dci  and  the  thickness  of  the  absorbing  layer  was  0-3  nun 
When  heavy  watci  replaced  distilled  water  the  bands  of  the  latter  at  1 -98p, 

1 -10  /t  and  1 • IH  n were  i educed  i ousideiably,  ami  new  bands  appeared  at 
2-11  u.  I 01  u ami  1-32/t  (faintly).  Unee  fumlament.il  frequencies  wi  re 
estimated,  n;„  S(w).  C-8/i  (1470  cm:1);  V(„),  3-8/t  (2023  cm.  ) , 
V(a),  2'9u  (3177  cm.'1)  lables  of  data  arc  included.  11  11.  Ih>. 

5016.  Infra-Red  Absorption  of  Oxygenated  Witter.  A.  Malone. 
N.  Ciiiieulo,  12  pp  355-300.  June.  Iu33  — Observations  arc  made  with  » 
registering  spectrograph  of  the  infra-red  absorption  spectrum  of  oxygenated 
water  as  far  as  G-fyi.  The  oxygenated  water  contained  30  % by  weight  *f 
lljOj  corresponding  io  a concentration  of  12  gru..  mol.  of  ll2Oaniid  40 
gm.  mol.  of  11/)  per  1 of  solution  Throughout  the  spectral  field  studied  »*» 
increase  of  absorption  is  found  in  accord. nice  wi'h  analogous  cases  in  p™' 
cesses  of  molecular  association  There  is  a p.ofound  modification  of  U*C 
band  at  3/r,  whilst  the  maxima  at  l-5/i  and  2 ft  whose  frequencies  arc 
multiples  of  one  of  the  three  frequencies  of  the  fundamental  band  at  S/t. 
remain  practically  unchanged.  J-  J 

3656.  Absorption  of  Water  and  Alcohols  between  0-70-0 -95^. 
L.  Caiu.  A it  u.  d.  Physxk.  20.  4.  pp.  331-348,  June,  1930.— A 3-prism 
spectrograph  was  used  as  monochromator  and  n photo-cell  as  detector. 
Measurements  of  the  variation  with  temperature  of  absorption  of  pure 
water  were  found  to  agree  with  Collins’  results  [see  Abstract  733  (1920)). 
The  absorption-constant  at  the  maximum  is  proportional  to  the  density 
of  the  water.  The  didcrcncc  in  absorption  of  water  singly-  and  doubly- 
distdlcd  noted  by  Lange  and  Schustcrius  [see  Abstract  3208  (1932)]  is  not 
confirmed.  The  temperature  variation  of  absorption  of  the  first  four 
alcohols  lias  also  been  investigated.  K.ulicr  observations  of  the  absorption 
of  water  between  0-18p-2-Gm.  have  been  collected.  F.  S. 

1684.  Absorption  Spectrum  of  Witter  between  2 5 and  6-5  /i. 
IS.  Cam.  Ann.  d.  Phycik,  28.  5.  pp.  4-15-457,  Alarch,  1037.— Three 
absorption  bands  are  studied.  The  thickness  of  the  absorbing  layer 
varies  between  6 and  200  p.  In  this  regie  the  absorption  coefficient  is 
not  independent  of  the  thickness,  but  decreases  very  much  with  increasing 
thickness.  This  is  attributed  to  scattering,  but  no  attempt  s made  to 
correct  for  the  influence  of  scattering.  The  variation  of  the  band  with 
temperature  up  to  84°  C.  and  the  influence  of  dissolved  ions  are  also 
studied.  '*• 
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1672.  Near  Infra-Red  Absorption  Spectrum  of  Heavy  Water. 
L.  Kellner.  Roy.  Soi  , Proc.  160/1.  pp.  +10-415,  April  1.  1937.— An 
investigation  of  the  infra  red  absorption  of  heavy  water  in  the  region 
0 0-2  1 /t.  Four  absorption  bands  due  to  the  vibrations  of  the  D^O 
molecule  are  found  whose  positions  are  given  in  Table  1 of  the  original. 
The  results  are  compared  with  previous  obsci  cations.  It  is  shown  that 
these  bands  can  be  explained  as  certain  overtones  and  combination 
tones  of  the  thicc  fundamentals  in  the  same  way  as  the  corresponding 
bands  of  light  wale  vapour  have  bten  interpreted  by  Meckc.  Author. 


3587.  lnfra-Kcd  Absorption  Spectra  of  If.O  Liquid,  Solid  and  in 
Solution.  G.  llosschictcr  mid  J.  I rrcra.  Coutpks  Rcmlus.  201.  />;•. 
1719  1721,  June  7,  1937.— Dilute  solutions  of  water  ill  CC14  and  ('?,  give  a 
similar  absorption  to  tlial  of  water  vapour,  because  of  the  absence  of  . u;. 
bydiogen  linkages.  In  ice  and  water  the  absorption  is  quite  diiicicn:. 
The  bands  at  3600  cur1,  (stronger  in  water)  aic  attributed  to  11  buh.ig-  . 
between  two  or  mine  molecuh  ^ close  together  ; the  3200  bantls  (slrongir  ui 
ice)  to  a (crystal)  structure  of  polymol-cnlcs  in  which  each  O is  surround-. I 
by  411.  H.  0.  t 


4056.  Intern  decular  Assocl  itlmi  and  Infra-Red  Absorpthm 
of  Water.  G.  ltosscbleter  and  J.  Erivra.  J.  >k  Fhvsi-jue  el  k Ratium, 
f /’/i  229-232,  I Hue,  1937. — The  absorption  of  II  X)  liquid,  gaseous  and  in 
is  examined  at  about  3p.  A 1 cud  at  J.i  .’0-3700  cm  '.  is  mono- 
moltcular,  being  independent  »1  the  so.vcnt.  A band  about  3300  curb 
irnu  from  11  bonds. 


11.  G.  C. 


20f>  Absorption  Spectrum  of  Water.  A.  Carrclll.  A.  UuuHto 
2 , n,-.  »m;  Ju„c.  1937  The  in  ha  red  al.soipt.ou  spe.  In.m  of  wab. 
med  ami  for  .ouipa.is-.a  the  -I  the  aqu.-o.ls  solutions  of 

It  -md  that  ol  j'  v p an  1 1 i out.iiniug  "at1  r ol  u \ slalli'  iliou  an 
these  , -suits  con,  In  . ions  ilS  t..  the  oUlu- 

(ktorptem  maxima  are  drawn. 

4057  Near  Infra-Red  Absorption  Hand  of  Liquid  Water  at 
IwC  j H Collins.  Rhys.  Rev.  62.  pp.  83-90.  July  15,  .937  -Die 
M»r  inlri-rcd  absorption  band  of  liquid  water  at  l-79,i  is  studied  at 
r-I^T-tuJ.  NO  apparent  changes  in  the  band  arc  dc^ctcdm 
iVtteinpeiatnre  range  front  4 C.  to  137  C. 

5341  Infra-Red  Absorption  Spectra  of  H.O  Liquid,  Solid  and 
In  Solution  in  Dioxanc.  G.  Rosscbletcr  and  J.  Lrrcra.  < ompin 
Rnuh,<  205.  pp.  500  502  Oct.  4,  1937.-  ' The  results  ol  previous  work  (s,  t 
Absurds  35S7  and  4056  (1937)]  are  checked  with  new  appat^xl^'^ 
th-  possibility  ol  false  bands  due  to  triors  in  the  spectroscope  near  the 
region  of  the  absorption  of  quartz.  The  hand  at  3l(,0  iu‘  , 

to  bonds  I et-veen  11  atoms  ..(  diflcunt  molecules,  that  at  3-<  un  . . 
the  1.  ads  lietwcen  the  11  atoms  in  the  crystal  lattice  in  wine  i ^ ^ ^ 
surrounded  by  411. 

1664  New  Infra-Red  Absorption  Hand  of  Liquid  Water  at  2 52  p, 
I It  Collins  Rhys  Rev.  66.  pp.  470  472,  March  1,  1939,-Thc  absorp- 
liquid  water  in  the  spcdi.,1  region  from  2 ■ 00  to  2 ■ Gap  wasmeasurc  l 
by  means  of  a thennopile  and  glass  prism  spectrometer  with  a slit  width  ol 
100  A in  a search  (or  a weak  absorption  band  predicted  by  ldbs  as  a com 
bination  band  occurring  in  liquid  water  but  not  in  water  vapou  . • 1 

fmmd  villi  a i)cal<  at  2’52/tand  with  a maximum  absorption  coefficient 
of  about  34.  This  is  the  fifth  absorption  band  to  be  found  in  the  spectrum 
of  liquid  water  that  lias  no  counterpart  in  the  spectrum  of  water  vapour^ 
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7 >.  Absorption  of  water  at  di'.Icreut  temperatures  from  2 5 to  7 5/t 
J.  J.  Fox  ami  A.  ]•:.  Maktin.  Hoy  Soe.,  l’roc.A,  174, />/>.  231  202.  1, 

1940, — The  authors  investigated  the  infra-red  absorption  of  ice  at 
- 9°C..  water  at  + 3T.  and  + 70  C..  and  water  dissolved  in  CC14  from 
2'fi  to  7 • .r> />.  with  a grating  spectrometer  of  high  resolution.  The  3 gt 
band  shifts  to  higher  frequencies  with  increasing  temperature  while  the  f>/i 
and  4-7/x  bands  move  in  the  opjiositc  direction.  The  reasons  for  this 
behaviour  arc  hydrogen  bonds  between  neighbouring  lf20  molecules 
which  decrease  the  OH  valence  forces  and  increase  the  angular  forces. 
The  hydrogen  bonds  arc  strongest  in  ice  and  decrease  with  lising  tem- 
perature. The  intensity  of  the  valence  vibrations  shows  a very  marked 
increase  with  growing  association  of  the  molecules.  Two  valence  fre- 
quencies at  3705  and  3GI4  cnr1.  arc  found  for  water  dissolved  in  CC14, 
40-50  cm-1,  below  the  corresponding  value  for  11,0  vapour.  The  A-lfi 
band  is  ascribed  to  the  combination  frequency  between  tire  deformation 
frequency  and  the  frequency  of  hindered  rotation  at  approximately 
600  cm-1,  which  latter  frequency  diminishes  rapidly  with  rising  tempera- 
ture and  disappears  altogether  for  the  vapour  in  accordance  with  the 
observations  on  the  4-7/r  band  A brief  discussion  is  given  of  the 
structure  of  liquid  water  and  its  effects  on  the  infra-red  spectrum.  L.  lv. 


Vbssrpliun  of  light  by  liquid  11,0  and  DyO  in  the 
in fm- red  lictween  5 /i  and  27  /i.  Soiim,  M.  A Ph)S ., 
116.  1-2,  pp.  34-46,  1940  - The  absoo  ’ion  spectra 
•f  liquid  11,0  and  0,0  arc  photographed  with  layers 
•f  several  /<  thickness,  starling  t;  an  the  range  of 
Mokvul.ir  \ib  itions  up  to  a wavelength  ol  27 /i.  A 
jf«wp  of  nearly  equidistant  absorption  lines  was 
•Waned  beginning  at  14  /i  and  I9/i  for  1 1,0  and  0,0 
**Vecipe!y.  °- 

5274.  The  near  infrareJ  nhsorption  spectrum  or 
liquid  water.  J.  A.  Cur<  in  wi)  C.  C.  Pi.viy.  J Opt. 
Soe.  Amer.,  41,  302-4  (Hay,  1951). 

The  near  i.r.  absorption  spectrum  of  liquid  water 
at  ZO'c  has  been  reinvest ignital  rising  a PbS  tell 
detector  system.  The  total  spectral  range  investigated 
was  from  0 70  ‘.o  2 5()/«.  A curve  is  included  win, It 
shows  5 prominent  absorption  bands  at  0-76,  0-97. 
I • 19,  1 45  and  I -94  /i;  and  a table  gives  experimental 
results  of  water  absotption  at  20  c.  *■ 


5026.  Transmission  of  water  in  the  near  infrared. 
L.  GiN7.lL.  Oplik,  9,  143  (Ml.  3,  1952)  In  German. 

Data  of  Curcio  and  Petty  {Abstr.  5274  (1951)1  arc 
used  to  plot  transmissions  for  thicknesses  0 01-10  cm 
and  wavelengths  0 7-2  5 /«.  o.  r.  t on  man 


1517.  The  molecular  spectra  of  condensed  oxygen 
and  the  O,  molecule.  A.  I Smith  and  II.  L.  Johnston. 
Ixttcr  in  7.  chem.  Phys.,  20,  1972  3 (Dec  , 1952). 

The  i.r.  and  Raman  spcclra  of  liquid  and  solid 
oxygen  and  liquid  oxygen-nitrogen  mixtures  arc  dis- 
cussed. For  the  i.r.  spectra,  the  cuives  of  absorption 
coefficient  v.  frequency  of  vibration  exhibit  an 
anomaly  which  is  attributed  to  the  presence  of  O, 
molecules.  o.  i.  w.  uroi  i.yn 


_ 
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4366.  Infrared  absorption  spectrum  (if  li<|iii<l  watir 
in  the  32GU  lo  3600  cm  ' rcgitin.  S.  N.  Anhui  i v ami 
1.  G.  li,\i ichiva.  Akn.l  Kwik  SSSli,  !>o, 

A'o.  2,  140  51  (1053)  hi  Kus\ian  English  trunsL.lion. 
US.  A iutitmal  Sri.  Intiinl.  Y S / - !r 

'I  he  results  obtained  arc  represented  graphically, 
and  discussed  with  particular  lefeteiko  to  picviottsls 
recorded  data.  <i.  «.  mwitys 

10640.  Infrared  absorption  (>f  liquid  water  fnmt  2 In 
42  microns.  E.  K.  l’t  vn  k an1)  N A(Qi  isi  a Letter 
in  J Opt.  Stic.  Anier.,  44  , 503  ( lime,  i 5/5-1  > 

In  order  to  investigate  how  long-wave  radiation  i. 
transmitted  thietig.,  sealer  in  animal  tissue  at  bod;, 
t emperat nt c.  the  spectrum  of  water  lasers  of  tliieV.- 
ncss  0 005,  0 01,  and  0 03  nnn  was  taken  in  tin, 
region.  The  transmission  graphs  are  reproduced 
One  broad  band  at  15  5 /e  does  not  appear  in  the 
vapour  .spectrum  and  is  attributed  to  inteinioleCiil.it 
vibrations.  a.  j.  tayio* 

6065.  Infrared  absorption  of  liquid  and  solid  liydiu- 
gcn.  K.  i At  t in,  W.  I-  J.  IIaki  ami  R.  r 
MaiOonaid.  1 diet  ill/’/Ilf  Rev  , 9Ii,  A'o.  2,  554  5 
( April  1 5,  1055) 

Compart. on  with  gaseous  II,  ■’  3 400.itm  in  the 
range  4(vh)-J  50Oun  1 and  assig-  nt  of  the  peaks. 

<;  r.  t ontiAN 

7847.  Infrared  spectra  of  liquid  atilt)  ‘runs  liydiagta 
fluoride,  liquid  sulfur  diovidc,  and  hydri  gen  lluor4(. 
sulfur  dioxide  solutions.  R.  H.  Mayiilry,  S.  Goupod 
and  J.  J.  Katz.  J.  them  I’hys.,  23,  A’o.  1,  1277-lt 
1755). 

The  infrared  spectra  of  anhydrous  liquid  h.  dio?** 
fluoride,  anhydious  liquid  sulphur  dioxide  aid  mi*, 
lutes  of  the  two  have  been  measured  tn  the  rc|i*n 
fr.,m  I to  25/<.  A value  fur  the  extinction  c iclhuwt 
for  the  polymer  peak  in  the  region  higher  th  m previ- 
ously reported  has  been  found,  reflecting  the  existent* 

of  a greater  proportion  of  higher  hydrogen  f! L. 

polymcts  in  the  liquid  as  compared  with  the  gas.  A 
study  of  the  change  in  the  spectra  of  solutions  of  vary- 
ing concentration  of  anhydrous  liquid  hydrogen 
fluoride  in  anhydrous  liquid  sulphur  dioxide  has  beta 
made  and  its  possible  relation  to  the  strnctuie  of  tW* 
polymers  in  liquid  hvihogen  fluoride  examined.  The 
possible  applicability  of  ohtainuig  spectra  of  prole  a 
dissolved  in  anhydrous  liquid  mixtures  of  hydiogui 
fluoride  and  sulphur  dioxide  has  been  explored  a >1  •> 
spectrum  of  silk  fibroin  in  this  solvent  is  pteserteJ 

A. 


229  INFRARED  ABSORPTION  OF  LIQUID  AND  SOLID 
HYDROGEN  WITH  VARIOUS  ORTIIO-PA HA  RATIOS. 
W.F.J.II.uc,  E.J. Allin  and  ll.L. Welsh. 

Phys.  Rev.,  Veil.  99,  No.  C,  IC87-B  (Sept.  15,  1955). 

The  bund  covering  4000-550(3  cm  1 is  shown  for  25- 100  o 
para-11,.  It  is  concluded  that  (}q,  S,(0)  and  St(l)  components 
for  pure  p-II,  arise  from  quadropolc  interaction,  since  their 
relative  Intensities  accord  wttli  lheoretie.il  values  for  these 
Interactions;  but  llns  .igrccincnt  Is  no  longer  found  in  ortho- 
para  ini- tores.  . G.F.  Lothian 


1071  ABSORPTION  BANDS  OF  CC1,  IN  THE  FAR  INI'  RA- 
RLl)  REGION  H Yoshlnaga 

J.rhcm  Phyfi  , Vol.23,  No  11,  220G  (Nov  ,95^ 

New  measurenienls  cl  liquid  CCl4-l>ands  from  GGO  to 
100  cm-1  arc  thwa  In  absorption  curve.'*  for  3 lJ>‘rkn^9CB  0 
cell  and  n table  of  maxima  with  lheir  assignments  Is  B vcn.^^ 
These  a»:rec  with  H;mian  data 

on  nti  T!1  K STUUCTUHK  OF  ABSORPTION  HANDS  OF 
1 lQL'ID  II  0 D,0  AND  IIDO,  DETERMINED  BY  TI1E1U  MOLECULAR 

S^.ror  "o,  5,  551 -Cl  (1957)  In  Russian. 

? The  spectra  were  examined  on  an  Instrument  with  an  EIF  prism, 
the  1LO  spectra  were  also  measured  on  a grating  spectrometer.  The 
H O and  D O gave  a doublet  structure  with  absorption  maxima  at 

3t25  3260  and  2550,  2135  cm'1  respectively  7hc  1IDO  gave  broad 
J/.'u  wiu  .i  rL.Siilts  arc  used  In 

bands  with  maxima  at  3420  and  251U  cm  . ,ne 
a discussion  on  the  theoretical  structure  of  these  liquids. 


7965  ABSORPTION  SPECTRUM  OF  LIQUID  OXYGEN  IN  THE 
TEMPERATURE  RANGE  77-153cK  (12000-3300 A) 

O (rt Ika* I* Spe kt rosW . , Vol  4,  No  4.  448-54  (April.  1958)  In  Russian. 
English  summary  PB  141047T-9,  obtainable  from  Office  of 
Technical  Services,  U.S  Dept,  ol  Commerce,  Washington,  DC, 

U S The  extinction  coefficient  rm  was  measured  at  the 'band  maxima 
and  Inter  ml  absoiptlon  coefficients  found  for  the  12600  and  10600  A 
bands.  The  change  of  (m  f>  with  temperature,  where  p Is  the  density 
of  the  liquid,  is  similar  for  the  live  Ellis-Kneser  groups,  L - 
*E  '£  _ 2‘a,  2*E  - (‘a  ♦ '£),  2*E  - 2'.';.  and  Is  also  similar 

to  the  change  of  p with  temperature  Results  are  given  for  deter- 
mination ot  <m  In  the  liquid  diluted  with  N,  at  78  K,  whereby  the 
oxygen  spectrum  ,s  generally  weakened  Temperature  change 
alfects  various  groups  ol  bands  differently  In  dilution  ft  Is 
suggested  that  the  absorption  spectrum  Is  due  to  the  complex  (O,), 

In  liquid  or  compressed  oxygen  S T. Henderson 


ABSORPTION  OF  RADIATION  IN  LIQUID  WATER. 

82  E.l.Bochaxov  and  A. S. Krutikov. 

Izv.  Akad.  Nauk  SSSR,  Ser.  gcoflz.,  1858,  No.  7,  923-6.  In  Russian. 
English  summary:  PB  14  1 042T-3,  obtainable  from  Office  of  Techni- 
cal Services,  U.S.  Dept,  of  Commerce,  Washington,  D.C.,  U.S.A. 

The  authors  reir.i  sured  the  absorption  bands  In  the  spectrum 
of  liquid  water  In  the  2.600  - 7000  cm’1  region  using  L1F  and  NaCI 
prisms.  The  positions  and  the  absorption  coefficients  of  the 
observed  bands  are  compared  with  the  results  of  other  workers.  A 
variable-length  absorption  cell  capable  of  giving  very  thin  smnplo 
(0.4  microns’,  is  also  descr-bed.  D.L.Greenaway 


5725.  THE  INFRARED  SPECTRUM  OF  LIQUID  AND  SOLID 
HYDROGEN.  E.J.AIlin,  H.P.Gush,  W.F.J.Harc  and  H.L.Welsh. 

Nuovo  Clmcnto  Suppl.,  Vol.  9,  No.  1,  77-83  (1558). 

Infrared  spectra  of  liquid  and  solid  hydrogen  over  the  range 
4100-5500  cm’1  were  obtained  using  a high  resolution  grating 
spectrometer,  and  a considerable  amount  of  new  detail  observed. 

A small  but  abrupt  change  has  been  detected  at  the  fusion  point, 
but  the  similarity  of  spectra  of  solid  and  liquid  Indicates  short 
range  order  In  the  liquid,  very  similar  to  that  In  the  solid,  Just 
above  the  Iuslon  point.  Certain  features  of  the  S lines  In  the 
fundamental  hand  of  the  solid  are  ascribed  to  double  transitions, 

In  which  one  molecule  performs  the  vibrational  transition  and  a 
second  perlorms  simultaneously  a rotational  transition  In  Its  ground 
vibrational  state  The  predominance  ol  these  transitions  Is  discussed 
with  relerencc  to  the  theory  of  Induced  absorption  In  dense  gases 
The  cllect  of  altering  the  ortho-para  ratio  of  solid  hydrogen  has 
also  been  Investigated  and  the  observed  changes  In  spectral  Intensity 
distribution  correlated  with  the  molecular  arrangement. 

D.L.Greenaway 
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9426  ON  THE  OrtGIN  OF  THE  SPFCTHUM  OF  LIQUID  AND 
COMPRESSED  OXYGEN  (12  600-3090  A).  V.I.Dunov -Klokov. 

Opt  IE, i I Spektrosk.,  Vol.  C,  No.  4,  407-02  (April.  1959).  In  Russian. 

To  explain  the  origin  of  the  absorption  spectrum  of  condensed 
oxygen  In  the  region  12  000-3000  A It  Is  necessary  lo  decide  whether 
the  spectrum  is  due  lo  a pair  of  Interacting  molecules  (O.-'i  or  lo  one 
molecule  O,.  To  answer  this  question,  the  author  Investigated  the 
temperature  and  density  dependences  of  the  Intensity  of  absorption 
hands  of  condensed  oxygen.  The  results  obtained  agree  with  the 
assumption  l>  at  the  absorption  spectrum  of  condensed  oxygen  In  Ihe 
region  12  Cue  3000  A Is  almost  intlrci)  due  lo  the  dipole  transitions 
In  "atatlstiia!"  rc.up'cxc*  (O,):.  A.TybulowIci, 

.....  TIIE  INFRARED  FUNDAMENTAL  BAND  OF  LIQUID 

4 AND  SOLID  HYDROGEN. 

It.F.Gush,  W.F.J.llarc,  E.J.Allin  and  H.I.. Welsh. 

Canad.  J.  Phys.,  Vol.  38,  No.  2,  176-93  (Feb.,  1960). 

The  Inlrarcd  fundamental  band  of  liquid  and  solid  hydrogen  was 
Investigated  over  a range  ot  para-concentrations  Irom  25*4  to  1 00't 
with  a prism  spectrometer  and,  In  part,  with  a grating  spectrometer 
at  a resolution  of  -0.2  cm”1.  The  spectrum  of  the  solid  shows  (a) 
comparatively  sharp  Q,S(0),  and  S(l)  lines  due  to  quadrupolar  Inter- 
action, (b)  broad  bands  Interpreted  as  combination  tones  of  the  mole- 
cular frequencies  with  the  lattice  frequencies  (phonon  spectra),  and 
(c)  weak  doubt'  transitions  of  the  type  S,  (0)*S„(0).  At  high  reso- 
lution the  quadiupolar  S(0)  and  S(l)  groups  show  weak  single  tran- 
sitions, S,(0)  ,nd  S,(l),  and  much  stronger  double  transitions  of  the 
type  Q,  (J)*Sgll),J  = 0,1.  In  solid  parahydrogen  the  lines  become 
very  sharp  and  the  do-alie  transition,  Q*,  (0)+So(0),  shows  a complex 
structure;  the  observations  are  in  rood  agreement  with  the  theory 
of  the  rotational  and  vibrational  levels  of  solid  parahydrogen  by  Van 
Kranendonk.  The  quadrupolar  « branch  shows  a structure  which  Is 
Interpreted  as  double  transitions  ot  the  type  Q*  6f,  where  the  6j  are 
the  small  chares  In  eneigy  due  to  the  orientational  transitions  ol 
two  ortho-molecules.  The  phonon  • pretra  show  a maximum  at  the 
Debye  temperature  of  the  solid,  and,  at  higher  resolution,  a struc- 
ture Indicative  of  Uu  various  branches  ut  the  lattice  Ircqucncles.  A 
long  extension  of  the  phonon  spectrum  towards  high  frequencies  ts 
probably  due  to  multiple  phonon  creation.  Double  transitions,  tor 
which  the  cancellation  principle  In  Induced  absorpU°b  does  not  apply, 
account  for  at  least  98‘L  ot  the  intensity  o!  the  spectrum  ol  the  solid. 

„„„  INFRARED  SPECTRA  OF  WATER 

6800  R.Meekc. 

Current  Scl.  (India).  Vo).  30,  No  2.  43-4  (Feb.,  196,). 

Dilution  ol  H,0.  D,0  and  1IDO  in  SbClj  eliminates  etlccts  ol 
hydrogen  bonding.  Vibration  bands  are  sharp  and  the  slretc'  ng 
vibrations  ot  111)0  coincide  with  those  ot  11,0  and  D.O,  Indicating 
that  "there  Is  no  great  Interaction  between  the  vibrations  of  the 
HO  and  IX)  valence  bonds"  Splitting  ol  the  bending  vibration  al 
1600  cm'1  suggests  O-bopJing  to  Sb.  G.F. Lothian 

LOW -FREQUENCY  INFRARED  ABSORPTION  SPECT- 

S RUM  OF  THE  HYDROGEN  BOND  IN  LIQUID  WATER 
AND  IN  CRYSTAL  HYDRATES  A E Stam  vich  and  N G. Yaroslavskii 
Dokl.  Aka  j.  Nauk  SSSR,  Vol.  137,  No.  1,  60-3  (March  1,  1961). 

In  Russian. 

The  structure  ot  a broad  Intrared  absorption  band  of  light  and 
heavy  water  is  discussed.  Besides  frequencies  found  experimentally 
a number  of  frequencies  calculated  for  the  possible  vibrational 
energies  of  molecular  bonds  arc  also  given.  The  latter  contribute 
to  the  general  shape  of  the  broad  band.  The  absorption  spectra  of  a 
number  of  compounds  containing  water  of  crystallization  were 
Investigated.  It  was  found  that  the  hands  disappear  when  the  com- 
pound Is  heated  to  n high  temperature  This  is  explained  by 
attributing  the  discrete  absorption  bands  lo  the  water  molecules 
weakly  bound  to  the  ciyslalltne  structure  of  the  compound.  A table 
of  frequencies  of  the  absorption  bands  lor  all  compounds  examined 
Is  given,  but  no  interpretation  is  attempted  due  to  the  complexity 
ot  the  ■ Irrational  stales  ot  these  molecules  lEngltsh  translation  in: 
Soviet  Physic --Doklady  (USA),  Vol  6,  No.  3,  224-7  (Sept  ,1961)|. 

W.G. Jordan 


ABSORPTION  CliOSS -SECTIONS  OF  WATER  DROPS 

11026  FOl!  INFRARED  P-AD'  ‘.TION. 

J J. Stephens  and  J R Go rhardt. 

J,  Meteorol  (USA),  Vol.  16,  No  6,  816-22  (Dee,,  1961) 

Tables  are  given  show'ng  the  absorption  cross-section  at  9 
wavelengths  In  the  niaxinn  in  emission  region  (5-18/0  of  the 
terrestrial  spectrum  . The  results  are  tor  a series  ot  drop 
diameters  up  to  30 //.  It  Is  shown  that  the  abllily  ot  a Riven  drop 
size  to  absorb  is  heavily  dependent  on  the  lmaR.aary  part  ot 
the  retractive  index.  D.L. Greenaway 

SPECTRALl-Y  AVERAGED  TOTAL  ATTENUATION, 

11027  SCATTERING,  AND  ADSORPTION  CROSS  SECTIONS 
FOR  INFRARED  RADIATION,  J.J. Stephens 

J.  Meteorol  (USA),  Vol.  18,  No.  6,  822-8  (Dec  , 1961) 

Tables  are  Riven  showing  the  total  attenuation,  scattering,  and 
absorption  cross -sections  ot  water  drops  with  diameters  between 
1 and  10/i  tor  10  lempei  atures  (253°-298°  K),  The  results  are  all 
averaged  over  the  wavelength  range  4 - 90/a  (which  includes  approxi- 
mately 99T  ot  the  terrestrial  spectral  energy),  and  provide  a means 
ot  formulating  a comprehensive  energy  budget  tor  radiation  tog. 
formation  and  dissipation.  D.L  Greenaway 

1693  It  FHARI  D SPECTRA  OF  LIQUID  AND  SOLID  CARRON 
MONOXIDE.  G.E.r  wing, 

J.  client,  l’liys.  (USA),  Vol. 37,  No. 10,  2550-6  (Nov  15,  1902). 

A low -temperature  cell  suitable  (or  the  sludy  ot  the  int-an  d 
spectra  < f poic  liquids  In  the  (undamcntal  region  Is  described. 
Seleelion  rules  are  derived  Uisert  on  the  assumption  that  diatomic 
molecules  in  the  liquid  state  can  uml"r(:o  hindered  rotation.  The 
infrared  absorption  band  shape  is  predicted  to  resemble  toe  P- 
and  ft-  branch  envelope  el  the  gas  phase  molecule  In  the  wings,  bin 
to  have  in  intense  Q bi  aneh  at  the  band  centre.  Tbc  ob*  ved 
spectra  r.f  carbon  monoxide  as  a liquid  Is  In  reasonable  agreement 
with  these  selection  rules.  It  is  concluded  that  a considerable 
fraction  ol  molecules  in  the  liquid  slate  ran  undergo  nearly  tree 
rotation.  The  spectrum  o(  carbon  monoxide  just  below  Its  lreezlng 
point  suggests,  however,  that  the  rotatory  motion  ol  the  molecules 
In  the  solid  can  best  be  described  as  libratlonal. 

153  NEAR- INFRARED  STUDIES  OF  T11E  STRUCTURE  OF 
WATER.  1.  l'URE  WATER.  K.  Bul)s  and  G.  R.  Choppin. 

J.  Chcm.  l’liys.  (USA),  Vol.  39,  No.  8,  2035-41  (15  Oct.  1963). 

Tte  absorption  bands  ot  water  In  the  l.l-1.3p  region  were 
mcusuiod  From  the  extinction  cocflielents,  concentrations  of 
water  species  involving  2,  !,and  0 hydrogen  bonds  per  molecule 
were  calculated.  The  temperature  dependence  ol  these  concentra- 
tions yielded  a value  ol  3,  7--..  Skoal  lor  the  energy  Involved  tn 
breaking  one  mole  ot  hydrogen  bonds  tn  water.  On  melting,  46%  ^ 
of  the  hydrogen  bonds  originally  present  In  Ice  arc  broken;  by  72  C 
the  percentage  broken  has  increased  lo  61.  The  results  were  used 
bi  conjunction  with  the  lliekerlng  duster  model  ol  Frank  and  Wen 
to  obtain  an  upper  limit  lor  the  average  size  ol  the  water  polymers 
ot  90  molecules  ol  11,0  at  20’C. 

11109  THE  ABSORPTION  SPECTRA  OF  LIQUID  PHASE  11,0,  HDO 
AND  D,0  FnOM  0.  7p  TO  10  p . 

J.  G.  Ri  ly,  V.  B.  Kartha  and  W,  II.  Stevens. 

Infrared  l’liys.  (GB),  Vol.  3,  No.  4, 211-22  (Dee.  1963). 

The  H,0  spectrum  Is  based  on  that  ol  natural  water,  the  D,0 
spectrum  on  that  ot  heavy  water  containing  approximately  99.  6 
weight  per  cent  D,0.  The  1IDO  spectrum  has  been  deduced  from 
spectra  of  ll,0-HD0-D,0  mixtures  by  application  of  Beer's  law. 

The  spectra  arc  presented  in  terms  ol  logarithms  ol  both  an  extinc- 
tion length,  L,  the  sample  thickness  that  has  unit  optical  density,  and 
a molecular  extinction  c .dUclcnt,/ , plotted  against  logarithms  of 
both  wavelength  and  wav  umber.  Vibration  mode  assignments  have 
been  made  tor  most  ot  the  absorption  liands  observed.  The  S|>cctral 
data  obtained  have  been  useful  In  the  development  ot  Infrared  moni- 
toring Instrumentation  and  methods  ol  analysis  for  11,0-111)0-0,0 
mixtures  in  connection  with  the  heavy  water  reactor  research  pro- 
grams at  the  Chalk  River  Nuclear  Laboratories. 
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21138  TRANSMISSION  OF  INFRARED  RADIATION  THROUGH 
LIQUID  WATER  AND  THROUGH  WATER  VAPOR  NEAR 

SATURATION.  R.  Goldstein  and  S.  S.  Pcnner. 

J.  Quant.  Spcctrosc.  Radiative  Transfer  (GB),  Vol. 4, No.  2,359-61 
(March-Apnl  1964). 

The  noticeable  differences  between  the  I. r.  spectrum  of  liquid 
watcrandth.it  of  water  vapor  near  saturation  indicates  that  the  mole- 
cular aggregates  in  the  two  states  are  sipnificantly  different.  It  Is 
also  noted  that  as  liquid  water  is  heated  its  absorption  spectrum 
approaches  that  «■?  water  vapor.  C.  R.  Ward 

21139  ON  TliF  SPECTRUM  AND  STRUCTURE  OF  WATER  AND 
IONIC  SOLUTIONS.  D.  K.  llornip. 

J. Chem.  Phys.  (USA),  Vol.  40,  No.  10,3119-20  (15  May  1964). 

It  is  suggested  that  the  11,0  bands  near  8000  cm'1  may  be  com- 
bination vibrations, and  that  there  is  no  evidence  for  their  arising 
from  hydrogen  bonded  polymers  ac  suggested  by  Buijs  and  Choppln 
(Abstr.  153,  154  ol  1904).  G /.Lothian 

21140  ASSIGNMENT  OF  THE  NEAR -INFRARED  BANDS  OF 
WATER  AND  IONIC  SOLUTIONS. 

K.  Buijs  and  G.  R.  Choppin. 

J.Chem.  Phys.  (USA),  Vol  40,  No.  10,3120  (15  May  1904) 

The  authors  reaffirm  their  earlier  conclusions  (Abstr.  153, 154 
of  19G4)  that  the  bands  around  8000  cn/'  are  due  to  hydropen  bonded 
polymers,  in  contradiction  to  the  suggestions  of  llornip.  Their  con- 
clusions are  based  mainly  on  intensity  considerations. 

G.  F.  Lothian 

21137  THE  NEAR-INFRARED  ABSORPTION  OF  LIQUID  WATER 
AT  TEMPERATURES  BETWEEN  27  AND  209  C. 

R.  Goldstein  and  S.  S.  Pcnner. 

J.  Quant . Sped  rose.  Radiative  Transfer  (GB),  Vol.  4, No.  3, 441 -51 
(May-June  1904). 

The  s|>ectr'»l  absorption  cocffit  ients  of  liquid  w iier  were  mea- 
sured between  22(  9 and  3000  cm'1  and  between  3700  and  7600  cm  1 
at  temperature-  of  27,89, 159, and  209*C.  The  Integrated  intensities 
for  the  entire  spectral  regions  extending  from  4600  to  5900  cm'1  and 
from  5900  to  7600  cm'1  were  also  determined  at  each  of  the  speci- 
fictii  temperatures.  Following  Buijs  and  Choppin  (1963),  the  experi- 
ment./ data  have  liccn  used,  in  a highly  simplified  analysis, for  the 
determination  of  hydrogen  bonding  in  liquid  water  on  the  assumption 
that  water  consists  of  cluster*  containing  only  zero, one  or  two  hydro- 
gen liondsper  molecule  a more  complete  analysis  of  the  experimen 
tal  measurements  is  briefly  indicated,  in  which  the  full  range  of 
results  on  spectral  absorption  coefficients  as  a continuous  function 
of  frequency  is  properly  utilized. 

1191  A STUDY  OF  THE  INFRARED  SPECTRA  OF  LIQUID 
OXYGEN  AND  NITROGEN. 

M.  O.  Bulanin  and  Yu.  V.  Peterson. 

Optika  I Spcktrosk.  (USSR),  Vol.  16,  No.  6,987-91  (June  1904). 

In  Russian.  English  translation  in:  Optics  and  Spechos* . (US a), 

Vol.  16,  No.  6,  533-5  (June  1964). 

The  infrared  absorption  spectra  of  technical  liquid  oxygen  and 
nitrogen  liave  been  obtained  in  the  region  3500-1200  cm  *,and  a 
complete  interpretation  of  them  is  given.  It  is  shown  that  solutions 
of  acetylene  in  liquid  oxygen  have  a complex  structure,  and  possible 
explanations  of  the  observed  phenomena  are  examined. 
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30455  RELATIONSHIP  DETWEEN  THE  OBSERVED  AND  TRUE 
ABSORPTION  SPECTRA  OF  MOLECULES  IN  A 
CONDENSED  MEDIUM.  IV.  INTENSE  INFRARED  ADSORPTION 
BANDS  IN  LIQUID  CHLOROFORM  AND  CARDON  TETRACHLORIDE 
(740-810  cm'1),  V.S.  Llbov,  N.G.  Bakhshiev  and  O.P. Girin. 

Optika  I Spcktrosk.(USSR),Vol.  16, No.  6,1016-23  (June  1964). 

In  Russian.  English  translation  In:  Optics  and  Spectrosc.  (USA). 

Vol.  16, No.  0,  549-52  (June  1964). 

For  Pt  III  sec  Abslr.3831  ol  1964.  The  true  absorption  spectra 
BM  of  CltCl,  and  CC1,  In  the  liquid  phase  were  determined  In  the 
region  of  band’  corresponding  to  antisymmetric  valence  vibrations 
of  C-CI  (740-810  cm1).  II  was  established  that  the  true  absorption 
spectra  differed  from  the  observed  spectra  K(v)  in  all  "haracterls- 
tlcs  and  were  very  close  to  the  spectra  of  the  gaseous  phase.  It  was 
shown  that  In  the  general  case, conclusions' concerning  the  spectro- 
scopic properties  of  molecules  In  a condensed  medium  based  on 
analysis  of  observed  spcclra  K(c)  arc  not  correct.  It  was  noted  that 
some  difficulties  and  contradictions  which  appear  tn  attempts  to 
Interpret  a number  of  phenomena  connected  with  the  effect  of  Inter- 
molecular  Interactions  on  the  spectra  can  be  eliminated  to  a certain 
extent  by  converting  from  observed  to  true  absorption  spectra. 


6188  NEAR  INFRARED  SPEC  TRA  OF  WATER  AND  AQUEOUS 
SOLUTIONS.  II.  Yam  ate  ra,  B.  Fltipatrlck  and  G.  Gordon. 

J.  Molecular  Spectrosc.  (USAS,  Vol.  14,  No.  3,  268-78  (Nov,  1964). 

Spectra  ranging  from  4000  to  12 500  cm  1 were  obtained  with 
HjO,  D20,  D2O-ll20  mixtures,  and  solutions  of  these  solvents  con- 
taining various  Ionic  species.  The  shapes  and/or  positions  of  these 
bands  were  Influenced  by  both  temperature  and  dissolved  salts.  In 
the  8300-cm"1  region,  a pronounced  band  was  observed  at  8640  cm'1 
with  H20  near  Ihe  boiling  point,  wl  ereas  with  Ice  a broad  but  rather 
well-formed  band  was  observed  al  7990  cm-1.  In  HsO  at  room  lem- 
perature  or  below  a very  broad  and  deformed  band  appeared  al 
8310  cm-1  with  a distinct  shoulder  around  8600  cm"1,  which  became 
more  apparent  with  an  Increase  In  temperature.  The  effect  of  dis- 
solved species  on  tho  spectrum  of  li20  was  very  similar  to  the 
observed  temperature  effect,  and  the  relative  Intensity  of  the  absorp- 
tion al  8640  cm-1  and  at  8310  cm"1  seems  to  be  tndtcallvc  of  the 
degree  of  "structure-breaking*  or  "structure-making"  power  of  l he 
dissolved  species.  The  order  of  Increasing  structure-breaking  (or 
decreasing  structure-making)  power  deduced  from  the  spectra  was 
Cl"  < Br"  < I"  < C104~  and  LI‘<Na*  <K*<Cs‘  <N(CII3)4\  This 
Is  in  good  agreement  with  the  published  results  from  measurement 
of  other  properties  of  solutions.  Similar  temperature  and  salt  ef- 
fects were  also  observed  with  other  bands  Of  H20  and  D20. 

11526  A NEAR  INFRARED  STUDY  OF  HYDROGEN  BONDING  IN 
WATER  AND  DEUTERIUM  OXIDE. 

M.  It.  Thomas,  11.  A Schcrnga  and  E.E.Schrier. 

J.  Phys.  Chcin.  (USA),  Vol.  69.  No.  II,  3722-6  (Nov.  1965). 

The  sped  ra  of  liquid  ll20,  liquid  I >20,  II  ,0  Ice.  and  1 ) ,0  let-  were 
obtained  In  the  1.16-1. 25 p region  for  ll ,0  and  Ihe  I.5C-I.G9p 
legion  for  D.O.  The  temperature  dependence  ol  the  liquid  spot  Ira 
and  Ihe  exl  i net  ton  vocffictrnts  for  the  solids  were  utilized In  calculate 
the  coiieenl radons  of  t lie*  unbonded,  singly  hydrogen  b-tnrti  -i,  and 
liinilily  liyilinj.nl  bonded  wider  molecules  as  a (miction  of  tempera- 
ture for  liquid  11 .0  and  for  liquid  D.,0.  The  fraclion  of  possible 
hydrogen  bonds  i einaiiiiiq;  inl.itl  at  various  lenijieralnri  sfor  11.0 
compares  well  willi  previous  rxperlnienlal  and  llicorcliea!  result!. 
The  results  for  D2d  are  rimslstenl  with  Ihe  calculations  of 
NAmelhy  and  Seheraga  (19641. 


7777  FAR  INFRA-RED  ABSORPTION  IN  LIQUID  NITROGEN. 

N.W.B. Slone  and  I).  Williams. 

Molecular  Phys.  (GIJ),  Vol.  10,  No.  1,  85-  6 (Nov.  1965). 

The  present  study  Is  concerned  vlth  the  far  Infra-red  spectrum 
Of  liquid  nitrogen,  In  ytew  of  the  obse-ved  width  of  the  vibration 
bands  of  liquid  nitrogen  and  oxygen  and  Ihe  Raman  evidence  of  quan- 
tised rotation  In  liquid  hydrogen,  It  was  considered  possible  that 
liquid  nitrogen  and  oxygen  might  exhibit  rotational  absorption  In  the 
far  infra-red.  The  present  work  has  shown  that  both  liquid  nitrogen 
and  liquid  oxygen  aosnrb  in  the  spectral  region  between  30  cin'1  and 
200  cm"1; nitrogen  absorbs  more  strongly  than  oxygen. 
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11080  IN FRAltl.D  ADSORPTION  SPECTRUM  OF  LIQUID  LuROtf 
TR1FLUOIUDK. 

R G Stcinliardl.Jr.G.K.S  Krt  h and  M W . Jordan. 

J , Clicm.  Phys  (USA),  Vol.  43,  N-.  12,4028-30  (15  Dec.  1905). 

17683  INFRARED  ARSOKPTKlN  SPECTRUM  Or  CARBON 
SUR-FUllM'IDE  IN  THE  I lQI'II)  STATE. 

A . O Dialln. 

C.  H.  Arad. Sri.  (Flame).  Vol.  2c;.  No.  25,  5380-9  (20  Doc.  1905). 

In  Dirndi. 

A qualitative  study  in  made  at  .vent  resolution, between  2 and 
15  Mi  of  liquid  carticm  sub- sulphide  (C-,S;.)  propmed  by  rt-ducliun  of 
carbon  sulphide.  The  vihraliem  bands  ate  compared  with  those  of 
carbon  sub-oxide  (C3Oz).  C.  E.  ftticad 

11583  FAR-INFRARED  SPECTRUM  OF  LIQUID  WATER. 

D.  A.  Draegert,  N.  W.  11  Store,  B.  Curnutte  and  D.  Williams. 

J.  Opt.  Snc.  A me  r.,  Vol.  50,  No.  1, 04-9  (Jan.  i960). 

The  infraied  spectra  of  H20  and  DvO  in  the  liquid  stale  at  am- 
bient temperature  (30T)  I avo  been  re-mapped  in  tiie  spectral  region 
between  10  and  330  p.  The  major  features  observed  were  extreme!) 
Intense  absorption  bands  with  maxima  at  685  and  505  cm-1  in  H20 
and  D20,  respectively.  These  major  bands  are  overlapped  at  the  low- 
frequency  ends  by  much  less  intense  bands  producing  transmittance 
minima  ;«■  193  and  187  cm'1 , respectively.  No  evidence  was  ob- 
tained lor  the  series  of  narrow  bands  recently  reported  by  Stancvicli 
and  Yaroslavskii  (1901).  Kxtmction  coeiiicients  have  been  determin- 
ed for  the  range  170-50  cm-'  and  ai  e compared  with  recent  data; 
present  data  on  linear  absorption  coefficients  for  I120  in  Ihc  range 
1500-1100  cm'1  are  in  lair  agreement  with  the  results  of  previous 
workers.  The  influence  of  temperature  variations  on  the  frequencies 
of  mfrart  d bands  has  been  studied  for  ail  bands  in  the  region  between 
1000  and  32  era’1.  Theoretical  interpretation  of  the  results  Is  dis- 
cussed briefly. 

20008  FREQUENCY  ASSIGNMENTS  IN  INFRA-RED  SPECTRUM 
OF  WATER.  O.  Williams. 

S' .dure  (GDI,  Vol.  210,  194-5  (9  April  1960. 

2G810  V1HRAT1QNAI.  SPECTRUM  OF  HYDRAZINE -d,  AND  A 

RAMAN  STUDY  OF  HYDROGEN  RON  DING  IN  HYDRAZINE. 
J.  R.  Durig,  S.  F.  Rush  and  E.  E.  Mercer. 

J. Cliem.  Phys. (USA),  Vol.  44,  No.  11,4238-47  (I  June  I960). 

The  Infrared  spectra  of  liquid,  solid, and  gareous  tetradeutern - 
ted  hydrazine  Live  been  measured  from  250  to  4000  cm-1.  Fine 
structure  was  resolved  for  three  of  the  perpendicular  fundamental 
bands  ol  the  assumed  symmetric  top.  The  Hainan  spectra  ol  liquid 
hydrazine  and  tetradeuterated  hydrazine  have  been  recorded  and 
depolarization  va'  ies  measured.  A complete  vibrational  analysis 
based  on  band  type,  position,  and  depolarization  values  Is  given  which 
satisfies  the  product  rule  for  both  the  a and  b vibrational  symmetry 
specie*.  The  intensity  of  the  3189-cm  1 band  of  hydrazine  has  been 
studied  as  a [unction  o[  temperature.  Alf  for  If-bond  formation  In 
hydrazine  is  found  to  be  — 1450  cal/mole.  The  relative  in'enslty  ol 
the  3189-cm' 1 band  to  that  of  the  3260-cnr  1 hand  has  bee  i studied 
as  a function  of  concentration  in  dlmcthylsulfoxide  and  indi  ates  that 
part  of  the  intensity  of  the  3189-cm*1  band  arises  from  a vibrational 
mode  of  tiie  hydrazine  monomer. 

2280  IN  FitAItFD  AND  It  AM  AN  SPECTRA  OF  CAItliON  SUB- 
OXIDE It  CONDENSED  PHASES. 

W.  ii. Smith  and  G.  E.  Icrol. 

J . Client . l’liys.  (USA),  Vol  45, h!o.  5, 1767-77  (1  Sept.  19G6). 

Infrared  and  lt.im.in  vpoclra  of  liquid, crystalline, and  matrix- 
isolated  carlion  sulpoxide  have*  been  obtained  in  the  region  20  -4000 
cm* A previously  unii-portcd  solid-solid  transition  has  been  ob- 
served at  116'  i 5”K, and  possible  structures  lor  l>otl)  crystalline 
phases  have  been  Inferred  from  the  sju eti ojroplc  results.  Thc7u 
central-carbon  bending  mode  vr  tins  been  identified  In  Hie  liquid 
phase  at  72  > 2 or1.  The  problem  of  ’disappearing"  sum  bands  is 
discussed,  anil  a revised  vilsi  .il lun.il  assignment  and  lorce-ronstant 
analysis  for  carlion  suboxide  is  presented. 
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tlM  NEAR-INFItAltKD  SPECTRA  OF  ll20-Da0  SOLUTIONS. 

J.  D Worley  iiivd  I.  M.  Klutz 

J Civ  ni  i'liyn.  (USA).  Vol.  45,  No.  8,2868-71  <15  Oct.  I9CC). 

N ''ar-lnfrarrd  bportr.i  liav«*  l»<*i*n  obtained  lor  HOD  In  nrfO 
solutlms  containing  ;t  variety  of  .nolutes  A sharp  hand  occurs  al 

I.  416  p (70G2  cin  1 1 and  other  bands  af  1 . 525  (b557  rm  I,  I ->5  ' 
<0427  cm'*),and  I. GOG  (0002  cm  *).  The  absorbances  at  I.4IC 
and  I,  550  p increase  and  decrease,  respectively,  with  Increasing 
temperature  From  lids  variation,  a All  of  formation  oi -2  4 kcal 
mole  has  liten  estimated  for  the  O-  II  O bond  In  these  solutions 
Nineteen  electrolytes  and  one  polymer, polyvinylpyrrolidone,  have 
been  examined  for  their  clients  on  the  spectra  ol  water  in  this  over 
lone  region.  No  frequency  shilts  have  been  observed  with  added 
solute,  only  changes  In  absorbance.  Sodium  perchlorate  shows  the 
strongest  structure -breaking  effect  Telratnitylammonium  bromide 
and  polyvinylpyrrolidone  exhihit  structure-making  character.  A 
definite  toi  relation  lias  been  found  to  exist  between  the  eflects  ol 
salts  on  the  acqueous  solvent  and  their  aDility  to  alfect  the  conlor- 
mation  ol  a macromolccule 

1155  FAR-INFRARED  SPECTRUM  OF  LIQUID  WATER. 

J.  A.  l.anc 

J.  Opt.  Soc.  Amer.,  Vol.  56,  No.  10, 1398- 0 (Oct.  1966), 

25800  VIBRATIONAL  SPECTRA  OF  SPClj.SPCIjF  SPCIFj, 

AND  SI’Fj.  J.  It,  Du  lip  and  J.W. Clark. 

J. Chcm.  Phys.  (USA),  Vol  46,  No.  8,  3057-G  15  April  1967). 

The  Infrared  spectra  of  tluophosphoryl  trichloride  and  thio- 
phosphoryl  clichlorofluoride  in  both  the  liquid  and  gaseous  states, 
and  thiophosphoryi  thlorodifluoridc  and  thiophosphoryi  trilluoride 
In  only  tlie  gaseous  state  have  been  recorded  Irom  4000  to  100  cm'  . 
The  It,. man  spectra  have  also  been  recorded  lor  the  lour  thiophos- 
phoryi trihalides  in  the  liquid  stale  and  dc polar iza t ion  values  mea- 
sured. Complete  vibrational  assignments  based  oil  band  contour 
positions,  and  depolarization  values  arc  given.  The  spectra  are 
Interpreted  in  detail  assuming  C„  symmetry  lor  thiophosphoryi 
dtehlorotluoridc  and  thiophosphoryi  dlchlorolluorldc  and  Ihioplios- 
nhoryl  chlorodilluoride,  and  C3V  symmetry  lor  the  other  two  mole- 
cules. The  vibrational  assignment  proposed  for  the  SPFj  molecule 
Ir  In  ma.kcd  contrast  to  that  currently  accepted.  The  P-S  stretch- 
ing vlbrai  on  Is  found  to  decrease  In  Ircquency  with  the  Increased 
number  ol  lluorlde  atoms  attached  to  the  phosphorous  atom.  Pos- 
sible reasons  for  the  decrease  in  Ircquency  are  discussed. 

21685  EFFF.CTS  OF  TEMPERATURE  ON  THE  NEAR-IN  FRARED 
ABSORPTION  SPECTRA  OF  MOLECULES  IN  THE  CON- 
DENSED ST  ATES.  1.  CARBON  DIOXIDE. 

W.  C.  Wagpencr,  A.  J.  Weinberger  and  R.  W.  Stoughton. 

J.  Phys.  Cliem.  (USA),  Vol.  71,  No.  13,4320-5  (Dec.  1967). 

The  principal  Icalures  of  the  absorption  spectrum  of  liquid  COj 
In  the  region  from  1.  2 to  2.  5p  have  been  Identified.  The  tempera- 
ture dependence  of  the  spectrum  between  I.  19  and  I.  66  p has  been 
measured— In  a frozen  sample  at  —80’  and  0.  9 atm  and  at  the  triple 
point, -56.  6*  and  5.  1 atm,  In  the  liquid  from  the  triple  point  to  the 
critical  point  31.  1*  and  72  9 aim,  and  in  the  gas  from  .he  critical 
point  to  65*  and  136  atm.  The  bands  In  liquid  CO,  ai  the  triple  point 
have  Ap,/j  ~ 10-22  cm'i.but  broaden  considerably  wiln  Increasing 
temperature,  viz.,  25-75*4  at  0*  and  200-400*4  at  65*.  Freezing  both 
Increases  the  band  heights  and  decreases  the  band  widths  by  at 
least  a factor  of  2.  The  1,6-p  bands  have  Lorentz  profiles  over  the 
entire  fluid  range  studied.  Tlictr  composite  intensity  al  the  triple 
point  (0.  232  I.  mole-1  cm’!)  Increases  nonilnearly  with  Increasing 
temperature  and  with  decreasing  density,  the  latter  parameter  being 
by  far  the  predominant  one,  The  increase  In  Intensity  from  the 
triple-point  value  Is  6*4  at  2‘  and  16V  at  25*  In  the  liquid,  and  380*4 
In  going  to  the  dilute  -as  slate  at  25*.  This  dependence  of  the  Inten- 
sity upon  density  Is  In  line  with  the  Lorentz  theory  c<  band  broaden- 
ing of  nonassociatcd  molecules. 
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32993  OBSERVATION  OF  THE  SPECTRUM  AND  Till:  AMPLI- 
TUDF  FLUCTUATIONS  OF  LIGHT  PROPAGATING 
THROUGH  NON  EQUILIBRIUM  l.K  III)  HELIUM.  M lannuz/.i. 
Nuovo  Omcnlo  (Italy),  Vol.  95,  No.  2,  413-lb  (11  .June  19C8). 

Tii1'  experimental  results  show  that  the  spatial  correlation  func- 
tion of  the  refractive  Index  fluctuations  in  the  liquid  is  adequately 
approximated  by  a Gaussian.  I kith  the  lasser  lip.lit  scattered  under 
a 90°  au^lc  and  the  aniphtmU  fluctuations  of  light  propagated  through 
the  liquid  have  been  measured  at  the  A-point.  No  excess  scattering 
at  90°  and  no  anomalous  amplitude  fluctuation;,  have  been  observed, 
In  agreement  with  tlie  information  obtained  by  Lawson  and  Meyer 
(1954). 


23505  The  infrared  spectrum  of  liquid  letrafluorohydra/ine.  f)  I K»l<f. 
I*  A.Milkr  (Mellon  Imi  IVt  burgh.  I'j  t 

S/vrtwA.-n  Ulad.lll.  vol.  24*  «-•>»  I'  l#!«  <S‘P'  , ... 

II*  inlrarttl  ,4  h i..  .1  N l . at  l.’irt  !>•■'  Iw»  :'"J  ,"*in' 

to  lie  essentially  idcntix  d !•»  that  the  «*4hI  and  the  'upor  \ vonipnis.m  «'l 
IIh'nC  data  with  recent  Raman  result*  on  the  l»qu- 1 indw.itcx  U»'t  • on  "ber  »*t 
frequent  a * are  inulualls  exclusive  m the  infrared  amt  K imaii  MHVira  * "is  i% 
ink cil  as  i lor  i lie  presence  the  Irani  i*»«»u-r  m addition  to  the  cm**. 

our  1 heir  energies  \ttni  to  l«c  appuwxmiately  equal  A t •♦rational  assignment  is 
suggested  tor  both  foims  ( I h rets  l 


13529  Vibrational  dsnantict  in  liquid  water:  A new  interpretation  of  the 
Infrared  spectrum  of  the  liquid.  J Schiller  (l>ci»t  Chcmotry.  lemp'e  l'n:v  . 
I'hdatklphia.  Pa.  USA).  1)1  Hormg  (Office  of  Set  and  technology.  White 
I louse.  Washington.  IK  .USA). 

J Chon  rh\s  (CSAK  vol  49.  no  9.  p 4 150  60t  I Nov  I96R) 

In  comparing  the  infrared  spectra  of  liquid  water  and  simple  bvdratcs.  two 
anomalies  are  noted  which  are  apparently  inexplicable  in  term*  of  presently 
•cccpt.iblr  theories  of  the  liquid  These  anomalies  arc  cxp5.-i.ned  m terms  of  a 
Maxwellian  distribution  of  collisional  intera**uws  hetwcxn  water  molecules 
which  when  put  in  quantitative  b>rm  reveals  (I)  that  most  m,  cules  in  the  liquid 
arc  highly  distorted  by  coliision.il  perturbations,  and  <2i  tint  there  is  a broad 
distribution  of  distortion  among  the  molecules  in  the  liquid  VMicn  translated 
into  sibratiunal  dynamics  these  concepts  lead  to  a continuum  distribution  of  r. 
and  »)  modes  of  varying  distorted  molecules  It  i*  shown  that  in  Ps  stretching 
motion,  liquid  water  bcha.es  dynamically  as  a continuum  of  Oil  b I «■  < cilia 
tors  of  different  frequencies,  demons!  rat  in  g both  weak  inter  and  intta  molecular 
vibrational  interactions  A new  intci p’ elation  of  the  mf.t'cd  spectrum  of  liquid 
water  is  given  in  terms  of  this  model,  and  other  spectral  evidence  is  oficrcd  in 
support  of  it  (23  refs.) 


4664 1 Infra  red  absorption  spectrum  for  liquid  ozone.  A Barb. . P Joux  e 
CJt.  Acad  Set.  H (trance),  vol. 268.  no.26.  p.  1723  6 (30  June  1969)  In 
French. 

The  authors  report  the  first  recording  of  the  infra  red  spectrum  for  liquid  ozone 
in  liquid  argon,  between  4tx>  and  1700  cm  '.  Iwenty  one  b ind*  were  observed 
amt  kle ni died  Anharmonciiy  coefficients  were  determined  with  normal  Ire 
quenews.  allowing  re  calculation  of  the  bounds  observed,  experimental  and 
calculated  value*  arc  in  excellent  agreement. 


22954  Far  infrared  absorption  in  liquid  h.dnvcn.  M ( Jones  (Nat.  liur 
Sl.tikl.ii ds,  Boulder,  Colo..  I 'SA|. 

J.  Chon  rim  ff/.V-U.  volAI.no  9.  p 3K)3  4(1  Nos.  1969) 

Die  f.ir  infiarcd  spectra  of  liquid  hsdrtyen  at  three  par.*  conccnti  .Hums  have 
been  recordeJ  in  (he  wave  tiuudter  range  ?U  (»•  25 0 cm  V Ihe  observed  vaiw 
tion  of  tin-  a**  orption  ctxHisK-nt  with  xompoution  is  consistent  with  the  tliccw  > 
of  translatu • ! absorption  i»f  !•«»!*  and  \ an  k ranendonk  ( I '*»•  I ) ( 10  rcR  ) 


4J458  Dispersion  and  absorption  or  liquid  water  in  Ihe  infrared  and  radio 
regions  of  the  spectrum.  V.M. Zolotarev.  B. A. Mikhailov,  LI. Alperovich. 

OPIiu'l  Sneclrml  ( VSSK ).  vol  27.  no  5.  p 7‘>0  4 (No-..  I%»l  In  R»»iin 
English  translation  in;  Of'lics  And  Speciro%c.  (USA),  vol. 27.  no  5.  p.430-2 
(Nov.  I960)  . ...... 

The  optical  constants  of  liouid  water  in  a broad  spectral  ref  ton  ( I 10  om)  were 
determined  by  using  four  independent  methods:  transmission,  reflection.  DDK. 
and  Kramer  Kronig.  (21  refs.) 


27147  Far  infrared  spectra  of  gaseous  and  liquid  SFV  A Rosenberg. 
G.lhrnhaum  (North  American  Rockwell  Corp  . I housand  Oaks.  Calif  USA). 
J.  Cheat.  rh\ $ (USA),  sol  52.no.  2.  p.683  6(15  Jan.  1970). 

The  far  infrared  abstain  ion  spectrum  of  SI  * in  the  paseotis  state  was  measured 
at  25**C  at  pressures  Irom  3 to  19  atm  in  the  wavelength  region  12  750  ent  ' 
The  absorption  of  liquid  $F*  in  this  rcgNin  was  measured  at  40  C Ihe 
strongest  hands  in  the  gas  oha*c  arc  centered  roughly  at  50  cm  \ and  approx  i 
mutely  at  94  and  177  cm  V Hands  centered  at  approximately  55.  90.  and  150 
cm  ' were  observed  in  the  liquid. 


(•HI  10  Infrared  spectra  of  liquid  II  O and  l>  O.  Ol>. Homier.  J L)  Curry 
(Univ.Sout  (’nrohna.  Columbia.  USA) 

/n/m i i‘il  /'/ns  f (»//>.  vol.10.  no  2.  p 9|  I (June  I ‘(70). 

Infrared  spectra  are  reported  for  Iumu  l 1 1-0  and  DO  usin':  a differential 
technique.  This  technic -jc  pocs  sharpu  bands  whose  positions  arc  determined 
with  greater  certain!)  than  th«»se  'e  ported  earlier  in  the  literature  I requeues 
shifts  upon  liquefaction  five  evidence  for  grcjtcr  association  m li  O Ilian  n 
0.0.  (12  re*. ) 

IW3 1 The  near  infrared  spectra  of  water  and  hcav  v water  at  temperatures 
between  25  and  390  J.l  .Bell.  VA  krohn  (Oak  k-dee  Nat.  lab.  lenn 
USA). 

J.  Phis  Chen. (CSAl. \ol.74.  no.22.  p400h(29  Oct.  If  70). 

IS532  Comments  on  ‘Near  infrared  spectra  of  water  and  heav  water/  bv 
Bell  and  krohn.  \V. A. I*. l uck 

J /'/in  Chon.  (I  SI).  vnl  74.  no  22.  p 4006  7 (29  Oct  1970). 

Sec  ibid..  \ol  74.  p.  4006  (29  Oct  1970)  (10  refs.) 

40002  _ Temperature  dependence  of  die  *555  cm  1 infrared  absorption 

band  in  liquid  D O:  inflection  point:..  K Oder.  I).A  I Goring  (Pulp  \ Paper 
Res.  Inst  Cnnad.i) 

Can.J  CIu'iv  (CmuiiJ-i).  \d  48.  no  24.  p 3790  6(15  Dec.  1970) 

The  temperature  dependence  curves  of  the  peak  height,  frequenev.  ami  half 
width  of  the  infrared  intcrmilecuh:  combman.n  bn  I absorbing  at  1555  cm  ' 
in  h juid  DO  h.is  been  oKeivcd  it*  khavc  sigmotdnllv  between  5 and  70  C . No 
evidence  of  sharp  di'voniimtitics  has  Ken  obtained  but  nflcction  points  m the 
rathu  broad  temperature  interval  «*f  about  25  to  4u’C  have  Ken  oKcrvid 
Result'  are  discussed  in  terms  of  structural  changes  occurring  in  the  liquid.  (37 
refs  ) 

5S6I6  I ar  infrared  absorption  in  hqurfird  gates.  M C*. Jones 
Report  TN  390,  Nat  llur  Stand  . V'  asluupton.  I>1‘  . USA  (l‘>70).  39  pp 
I s|vrunentnl  results  are  p< cn  fi»r  the  ,.bsr*ip?i**n  coefficient  of  the  liquid, 
hydrogen  (three  para  coiKcuirutious).  nitrogen.  osypen.  carbon  mon.ivuk. 
methane  anti  argon  in  the  v*  aienurrhcr  tango  ?()  2*0  cm  ' (40500  irni)  In 
addition,  data  for  liquid  hvdrogcn  are  giver.  at  wave  nemKrs  up  to  nOtl  cm  ' 
(I6.7.nn)  Ihc  lesults  are  thseussed  in  terms  of  the  induced  dpolc.  and.  m ih» 
case  of  carl»on  monoxide.  the  permanent  dipt»!e  An  intlie.ilitm  of  the  wav  m 
which  l lie  data  may  Ik  employed  m laleulaitous  of  thermal  i adiat ive  transfer  i* 
made  b>  calculation  of  the  modified  rtjnck  mean  absorption  coefficient. 

76076  I ainhert  absorption  enrflieierm  of  water  in  the  infrared. 

C .W  koK  it  m.  D.Wilh.  ms  ikausiis  Stall  Uim  Manhattan  USA) 

J.  Opt.  Soc.  i"i  (US  I).  vot  M no  10  p.  1 3 It,  20(Od  1971) 

By  use  of  a wulgc  shaped  tell  pros i< hup  an  abs.  rhmg  liver  tapering  in  thick 
ness  from  less  than  one  wavelength  of  visible  light  a.  one  end  to  approximate  I v 
20*»m  at  the  t»thrr  end.  the  LamKn  absorption  coefficient  ft*  water  has  be. n 
measured  in  the  spectral  region  between  4000  ami  288  cm  1 After  proper  mill  d 
alignment  of  the  cell  windows  had  been  established  by  the  obscr- ation  of 
interference  fringes  in  the  visible,  film  thicknesses  at  various  positions  alone  the 
wedge  were  measured  hv  interferometric  mrihuK.  empl.»\mg  convcnKiit 
wavelengths  in  the  infrared  Ihc  results  of  the  stud>  are  prevented  in  graphical 
and  tabular  form 

67834  Influence  of  the  effective  field  of  a light  wave  on  the  observed 
spectrum  of  liquid  water  in  the  40<HM).©l*cm  ' r.ingr.  I)  A Mikhailov 
Opt  A SpAiroiL  (USSR).  vo|  32.  no  I.  p 227  30  (Jan  1971k  In  Russian 
English  translation  in  Opt  A Spcctro*c  (USA),  sol  ?2,  no. I.  R.  120-1 
The  author  calculates  « influence  of  the  effective  held  of  a light  wave  on  the 
spectrum  of  liquid  water  over  a wide  spectral  range . i e . on  absorption  bands 
ddfcnni!  in  Kith  character  and  optical  parameters.  The  feasibil  y of  such  a 
calculation  became  apparent  after  fix'  calculation  of  llv  optical  constants  n and 
K of  liquid  water  over  a wide  region  o(  the  spectrum  I to  10*  )<m  (6  refs  ) 

36004  Infrared  absorption  spectra  of  liquid  and  crystalline  phases  of  thio 
phene,  f franchant.  R.Guerin (Unis.  Poitiers.  Vienne,  franco 
C M llchd  Scan.  AcaJ.  Sci.  B (Prune*),  vol.274  no.  1 2.  p 795  8 1 20  March 
1972).  In  Trench. 

Ihc  authors  studied  and  compared  the  infrared  absorption  spectra  of  four 
crystalline  phases  of  thiophene  with  tlut  from  the  liquid  phase.  The  crystal 
structure  of  the  low  temperature  phase  is  obtain.  Irom  the  spectroscopic  dal  > 

( 10  refs.) 

S7J5I  Infrared  spectra  of  liquid  and  crystalline  IICN  and  DCN. 
M.IV/olet.  R S ivotefUmv  l.aval.  Quclxc.  Canada). 

Cun.  J Sped  rate.  (CnnaJn).  vol.  1 7.  no.  2.  p 39  44  (March  1972). 

I Ik  infrared  *pevtra  ot  liquid  and  mW  IICN  and  IK  N have  Ken  recorded 
Reflation  spectra  were  also  obtained  lor  the  vnlul*  in  lx%h  ei) sialhiK  phases 
I he  longitudinal  frequencies  were  determined  lot  all  fundamental  vibrations  of 
live  >* 4ids  and  tlie  dipole  derivatives  assvKiated  with  these  transitions  were 
calculated.  (26  refs.) 


50316  Near -infrared  Mudiex  of  the  structure  »»f  water.  III.  Mixed  solvent 

w Mum.  Ci  R.Cboppin.  M R.Vutfanic  (V  UwidJ  State  l mv..  Tallaluwc.  US  A). 

J rinni.  Phw  (USA),  vol  56.  no.l2.p.5V90  8(15  June  1972). 

I or  pt  1 1 see  abstr.  A 1 54  of  1 964  I he  inur  infrared  absorption  of  w alcr  in  the 
"01)0  cm  1 region  has  been  studied  for  pure  water  and  solutions  of  water  ace 
lone  and  water  Jiovanc  between  0 and  80  0.  Tbv.  absorption  was  resolved  into 
tiaiissian  components  and  the  component  bands  were  used  to  calculate  the 
mole  it  action  of  water  species  with  0.  I.  an, I 2 of  the  hydrogen  atoms  involved 
in  hvdiOfen  bonding.  The  data  do  not  agree  with  the  presence  ol  significant 
effects  duo  to  Fermi  resonance.  A model  of  water  with  three  spcctroscopicall> 
Jistiiui  specie’s  agrees  with  the  analysis  of  the  bands.  (35  refs  ) 

50365  Ihe  correspondence  of  fundamental  and  combination  bands  in  the 
infrared  spectra  of  liquid  IIO  and  D.O.  O.D.Ilonner  (Univ.  South  Carolina. 
Columbia.  USA). 

Infrared Phys.  (CH).  vol  12.  no.  2.  p 109  14  (June  1972} 

The  frequencies  of  lh-  fundamental  i ».  r*  and  i i bands  for  unbonded  liquid  rl  O 
and  D.O  have  been  calculated  front  the  frequencies  observed  foi  the  combma 
tion  bands  in  the  near  infrared  rcp*on  The  positi  »ns  t»f  the  centers  of  the  broad 
bands  due  to  the  hydrogen  bonded  species  have  also  been  estimated  All  calcu 
latcd  values  have  been  compared  weh  the  observed  spectra  of  liquid  1 1.0  anJ 
D/O.  It  is  concluded  that  the  i • binds  observed  at  1645  cm  ' for  HO  and 
1210  1215  cm  1 for  DO  are  due  to  the  monomeric'  species  This  is  confirmed 
by  the  temperature  dependence  of  these  bands  ( 18  refs  ) 

61039  The  infra-red  spectrum  «<f  w.iler.  ('  \V  Robertson.  B i 'm nunc. 

|> Williams  tK.nisis  Stale  l mv  . M.tnhull.in.  l-SA) 

Mol  I'Iim  (OH).  vol  ?fi.  no  I p l*<  «#|  < July  1*373) 

The  I aiiilvrt  . bsorplion  ovlliwient  of  water  lias  been  nv.isiircd  in  the  far 
infrared  spectra!  tegitm  MK)  50  vm  ' Tin  u mils,  alonp  with  earlier 
measurements  n.  the  near  infra  ied.  provide  vain* » *»•  Ihe  miaginary  part  k of  ihe 
r»-ft..vt  e nwk'v  over  the  xpcaii.il  taupe  4-Jtal  t««  Ml  cm  1 Ki.imcr*  ktoiup 
leciimi|ne>  have  been  used  «»•  oI*miii  v.dues  of  lire  * or  respondin'*  real  part  n of 
llie  refiaclive  index  over  tins  xp*vU.il  range  Ihe  values  •*<  «Ikw  consi.mls 
provide  a complete  quantitato*  «Icxvii}'(m>ii  of  llie  optical  |*iojh  Mies  of  water  in 
llie  infra  red  tl4  uls  I 

62103  Thernirwip  Ual  technique  for  flu-  measurement  of  absorption  loss 
spectrum  in  liquids  J Slone  tliell  I abs  . Mnlnukl.  N J . USA) 

Apnl  Opt  (l!S.\i.  vol. 12.  no  S.  p Iv's  30  (Aug  197.3) 

A lncrn*tmpl;  a)  iechnK|uc  is  dcwrifvd  f»»r  measuring  the  absorptivity  spectrum 
of  liquids  us*..g  incoherent  light  I h»s  technique  is  an  extension  of  one  previ 
ously  used  to  measure  abxoiotivily  using  eohcrcr.f  light,  winch  was  tficrcfiuc 
limited  to  specific  laser  wavelengths  AhsorntivilH’s  as  small  as  2 * 10  'em  * 
have  been  measured  with  2 * inW  *>l  optical  power  Ihe  absorptivity  spectrum 
of  chlorobenzene  n characterized  b>  lines  due  to  overtones  of  C II  vibration  in 
ihe  infraicd  with  low  los*  valleys  in  between  Measurements  of  carb**n  telrach 
loride  showed  no  measurable  absorpuvity  ti  c less  than  2 * 10  ' cm  •)  l*ct 
ween  SttlO  A and  lOfwKl  A (5  lefs  ) 

1191  A STUDY  Ol  THK  INKKAUI'.D  SBLCTItA  OF  LIQUID 
OX  YOLK  AND  Ml  KOGLN. 

M.  O.  Ilulanin  and  Yu.  V.  I’ctci  son. 

Opllka  I Spektrosk.  (USSR),  Vol.  1C,  No.  C,  987-91  (J me  1954). 

In  Russian.  English  translation  In.  Optics  and  Spectronc.  (USA), 

Vol.  1C,  No.  C,  533-5  (June  1901). 

The  Infrared  absorption  spectra  of  technical  liquid  oxygen  and 
nitrogen  have  been  obtained  in  the  region  3900-1200  cm-*, and  a 
complete  interpretation  of  them  Is  given.  It  is  shown  that  solutions 
of  acetylene  In  liquid  oxygen  have  a Complex  structure,  and  |>ossiblc 
explanations  of  the  observed  phenomena  are  examined. 


7777  FAR  INFRA-RED  ADSORPTION  IN  LIQUID  N1TROGKN. 

H.W.B. Stone  and  D.  Williams. 

Mwccular  Rhys. (CD),  Vol.  10,  No.  1,85-5  (Nov.  19C5J. 

The  present  study  Is  concerned  with  the  far  Infra-red  spectrum 
Of  liquid  nitrogen.  In  view  of  the  observed  width  of  the  vibration 
bands  of  liquid  nitrogen  and  oxygen  and  the  Raman  evidence  of  quan- 
tised rotation  In  liquid  hydrogen,  It  was  considered  possible  that 
Itqutd  nitrogen  and  oxygen  might  exhibit  rotational  absorption  In  the 
far  tnfra-red.  The  present  work  has  shown  that  both  ltquld  nitrogen 
and  liquid  oxygen  ahsorb  In  the  spectral  region  between  30  cm"1  and 
100  cm-tjnltrogcn  absorbs  more  strongly  than  oxygen. 


Far  Infrared  Absorption  in  Liquefied  Gases 

M C.  Josks.  Kail.  Uur.  Std.  (U.  S.)  Tech.  Note  390.  U.  S. 

Government  Printing  Office,  Washington,  D.  C.,  1970.  Pp. 

39  (20X20  cm),  paperbound  Price  50  cents. 

Far-infrared  absorption  coefficients  of  liquid  hydrogen  (at  three 
different  parahydrogen  concentrations),  nitrogen,  oxygen,  carbon 
monoxide,  methane,  and  argon  arc  given.  l'L : data  were  obtained 
for  all  the  liquefied  gases  from  20  to  250  cm"1  (40-500  it m).  In 
addition,  data  for  liquid  hydrogen  are  given  up  to  600  cm"1 

(16.7  pm). 

The  observed  behavior  is  discussed  in  terms  of  the  induced 
dipoles  (and  the  permanent  dipole  in  the  ease  of  carbon  monoxide). 
A way  in  which  the  data  may  be  employed  in  the  calculation  of 
the  modified  Planck  mean  absorption  coefficient  is  indicated,  and 
its  application  to  calculating  thermal  radiative  transfer  in  the 
liquids. 


